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Exe c utive Summary 
Executive Summary 
Bovine tubercu los is  (TB) is caused by the bacter ium Mycobacterium bovis (M. bovis) . 
lt is cu rrently a relative ly u ncommon d i sease i n  Great Br ita i n  as a whole, with new 
confi rmed cases occurring in about 0.4% of catt le herds each year. However, the 
d i sease is  becom i ng more common, espec ia l l y  in South-West Eng land ,  its trad it ional  
stronghold,  where new cases occu r  in  more than 1 %  of herds each year, i n  some parts 
of Wales and in the West Mid lands .  The control of TB in catt le is a complex problem 
and there is  no si ngle so lut ion .  We recommend a com bination of approaches on 
d ifferent ti mescales. 
For affected farmers, bovine TB imposes very s ign ificant economic and welfa re 
consequences, and for the an imals  involved there is a l so an important welfare cost. 
F u rthermore, on behalf of the taxpayer MAFF cu rrently spends about £16 m i l l ion per 
year on control and re lated issues, i nc lud ing tu bercu I in test ing carried out accord ing to 
an EU d i rective. If the d i sease were to become more common, these costs wou ld  
increase and there cou ld  be sign if icant trade imp l i cations. 
H uman TB is  pri mari ly caused by Mycobacterium tuberculosis, although M. bovis can 
be i nvo lved . Cu rrently, as a resu l t  of pasteu risation of m i l k  and tubercu l i n  test ing of 
catt le,  there is  a negl ig ib le r isk to the human popu lation of Great B ri ta i n  from M. bovis 
(32 confi rmed cases in the U K  i n  1 995 ) ;  but the d i sease has the potentia l  to be a 
s ign if icant health r isk.  
Catt le in other cou ntries i n  Europe and el sewhere a l so h ave infections of M. bovis, 
notab ly  New Zea land,  the Republ ic  of Ire land, I ta ly  and Spa i n .  
The s u m  of ev idence strongly supports the view that, i n  Br ita in ,  badgers a re a s ign if icant 
source of infection in catt le.  Most of th is  evidence is  i nd i rect, consist ing of corre lat ions 
rather than demonstrat ions of cause and effect; but in tota l the avai lable evidence, 
i nc lud ing the effects of completel y  removing badgers from certa i n  areas, i s  compel l i ng. 
it i s  not, however, poss ib le to state quant i tative ly what contri bution badgers make to 
catt le infection,  because the relevant data have not been col lected and ana lysed . 
Col lection of the relevant data, stat ist ical  analysis and the use of modern molecu la r  
techn iq ues cou l d  resolve th i s  question and we recom mend that these shou ld  be h igh  
pr ior ities for MAFF. Other w i l d l ife spec ies a l so carry the d i sease, and the poss ib i l ity of 
some contribution from these spec ies can not be ignored . 
Recogn is ing the importance of badgers as a source of in fect ion,  over the past two 
decades, MAFF has implemented, in succession,  a variety of po l ic ies for k i l l i ng badgers 
in order to control the d i sease in catt le.  However, it i s  not possib le  to compare the 
effectiveness of these d ifferent po l ic ies; nor i s  it possib le  to compare any of them with 
the impact of not k i l l i ng  badgers at a l l ,  because there have been no proper experiments. 
However, the ind ication is  that more severe cu l l ing po l ic ies i nvo lv ing com plete, or near 
complete, removal of badgers from an area, a re more effective at reduc ing the herd 
breakdown rate than is less complete remova l .  An attempt to target the control at 
i n fected badgers on ly  (the ' l ive test tria l ' )  was u nsuccessfu l because of the low 
sensit ivity of the test for TB  i n  badgers . 
We recommend that MAFF shou ld  set u p  an experiment to quantify the impact of cu l l i ng 
badgers . The experiment, i n  which farmers shou ld p lay a role, should i nvo lve th ree 
treatments : proactive c u l l ing of badgers, reactive cu l l i ng  fol lowing the identif ication of 
TB in cattle and no  cu l l i ng. Both of the cu l l i ng  pol ic ies should i ncl ude l actat ing sows . 
The experiment should be overseen and ana lysed by a n  i ndependent Expert Group.  The 
experiment wi l l  enable MAFF to carry out a cost-benefit ana lys is  of k i l l i ng badgers to 
control TB in catt le.  The cumu lative number of badgers k i l led in the five years of the 
experiment is  u n l i kely to be substantia l l y  d i fferent from the number k i l led in the present 
i nteri m po l icy ( roughly 2, 000 a year on the basis of 1 996 figures) . Moreover, i t  i s  l i ke ly  
to  be s ign ificantly less than the number k i l led i n  road traffic accidents. 
Deta i led ana lys is of the spat ia l  d i str ibution of TB in catt le du ring  the period 1 987  to 
1 996 shows that in some places past h i story of i n fection is a good predi ctor of futu re 
r isk:  repeated i n fections and i n fections on neighbou ri n g  farms are pri nc ipa l l y  restricted 
to a sma l l  nu mber of a reas in G reat B rita i n .  lt is in these areas of repeated occu rrence of 
TB that the impact of treatments i nvo lv ing cu l l ing badgers wou ld be greatest and most 
qu ick ly  seen .  
We therefore recommend that the  experiment outl i ned above is  carried out i n  a 
m i n i m u m  of 30 1 Okm by 1 Okm h ighest r isk areas ('hot-spots ' ) .  The prec i se areas to be 
i nc luded shou ld  be fi na l l y  determ i ned by the Expert G roup.  Equal  nu mbers of hot-spots 
should be assigned at random to each of the three treatments. 
For the remai nder of the cou ntry, we recommend that no cu l l ing is  carried out. Outside 
the hot-spot areas, the r isk of repeat in fection or of neighbour ing farm infection is  
re latively low and therefore the potent ia l  benefits of cul l i ng badgers are a l so low. The 
Expert Group shou ld,  however, keep the si tuation under review and retain the option to 
recom mend recru itment of addit ional areas into the experiment if appropriate. 
Although the route of transmission from badgers to catt le is not known, s imp le husbandry 
methods to separate badgers and catt le cou ld  have a s ign ificant ro le i n  reduc ing r isk.  
The current MAFF gu idel i nes a re apparent ly not widely heeded by the farm ing i ndustry, 
nor has there been any attempt to ascerta i n  the impact of husbandry on r isk.  
We recommend that outs ide the hot-spot areas the farm ing industry itse l f  should take 
the lead i n  carry ing out a proper experimental comparison of the impact of a sma l l  
n u mber of  si mple h usbandry techn iques. MAFF's role should be to  prov ide advice/ 
ana lys is on experimental design and resu lts and to provide incentives to the industry 
to part ic i pate and subseq uently to adopt best practice. Husbandry may we l l  p lay an  
important role as part of  the long-term so l  u t i  on .  
In the long run ,  the best prospect for control of  bovine TB is  to develop a vacc ine  for 
catt le .  Th i s  is a long-term (more than ten years) strategy and success can not be 
guaranteed . However, targets and m i lestones can be identif ied to mon itor and eva luate 
progress at five yearly intervals. We recommend that the development of a cattle 
vacc ine  and an assoc i ated d iagnost ic test to dist ingu ish in fected from vacci nated cattle 
shou Id be a h igh priority for MAF F 's long-term research strategy. 
A badger vacc ine, a l though posing greater techn ical  prob lems i n  terms of both 
development and del ivery, should a l so be kept as an opt ion .  Dur ing the next five years 
much of the basic research req u i red w i l l  be re levant to both badgers and catt le .  
Proper co-ordination of the research wi 11  be essentia l .  In developing i ts research strategy 
MAFF should take i nto account work on human TB incl ud ing genome sequenci ng, and 
work on an imal vaccines and d iagnostics in  other countries. Industr ia l  i nvo lvement 
should a l so be expl ored . 
We recom mend that MAF F's futu re strategy for research on,  and control of, bov ine TB 
should take accou nt of the fo l lowing po ints : 
( i )  MAFF  shou ld  ensure that it commiss ions research from the  best grou ps i n  
the  research commun ity; 
( i i )  there should be a better co-ordi nat ion of model l i ng and  data co l l ection to 
ensure that the appropriate data are col lected and that best use is made of 
them i n  ana lyses ; 
( i i i ) data shou ld be free ly avai lable to faci l i tate the best ana lys is  and to engage 
the wider research com mun ity; 
( iv) there should be better co-ord ination of MAFF-sponsored research on TB  
and  the  work of  other pub l i c  fu nders (e.g. Research Cou nci l s) and  i ndustry; 
and 
(v) the total amount spent on TB research ( £ 1 . 7  m i l l ion)  as wel l  as the relative 
amount ( n i ne t i mes more is spent on control than on research )  should be 
reviewed in  the l ight of the costs of TB  control and the potent ia l  returns 
from research .  The industry cou ld contri bute to the costs of control as they 
do i n  New Zea l and, where the absol ute amount spent on research by the 
Govern ment is  th ree t imes higher than in Bri ta in  and the amou nt of 
Government money spent on control is just under twice that spent on research .  

Chapte r 1 
1 Background 
1 .1 I ntroduction 
1 .1 .1 The terms of reference we were g iven for th i s  Review were : 'To review the 
inc idence of tubercu los i s  i n  catt le and badgers and assess the scientific evidence for 
l i n ks between them; to take accou nt of EU po l icies on reduc ing and e l im inat ing the 
inc idence of tubercu losis in  catt le; to take account of any r isk to the h u man popu lat ion;  
and accord i ngly to review, in the l ight of the scient ific evidence, present Government 
pol icy on badgers and tubercu losis and to make recom mendations' . 
1 . 1 .2 This  chapter describes the background to the i ssues we have been asked to 
consider. Section 1 .2 considers the human and section 1 .3 the an ima l  health impl ications 
of bovine tubercu los is  (TB) .  Section 1 .4 charts the measu res which have been taken to 
dea l with the perceived TB th reat from badgers . Section 1 .5 considers brief ly the 
legi s lation govern ing  TB test ing in catt le and protecting  badgers and section 1 . 6 the 
in ternat ional  posit ion .  Section 1 . 7 outl i nes MAFF research .  Section 1 .8 sets out MAFF's 
stated objectives i n  re lat ion to TB and section 1 .9 summarises the concl us ions and 
recom mendations of this chapter. 
1 . 1 .3 We have sought to make th i s  Review as open as poss ib le and to benefit from 
the reservo i r  of expert ise ava i l able on th is  issue. We therefore inv ited evidence from a l l  
i nterested parties and have met with many of these to d i scuss the issues i n  greater 
deta i l .  Further deta i l s  of the consu l tation ca rried out are at Append ix  1 .  
1 .2 Bovine TB and human health 
1 .2.1 TB has affected human bei ngs and an ima ls  throughout h i story. Bovine TB is 
caused by Mycobacterium bovis (M. bovis), a bacteri u m  that can affect a wide ra nge of 
an imal  species, inc lud ing man.  l t  i s  c lose ly re lated to Mycobacterium tuberculosis 
(M. tuberculosis), the major cause of human TB, and deta i led laboratory ana lys is  is 
requ i red to d i st i ngu ish the two spec ies. In the U K, human d i sease caused by M. 
tuberculosis and M. bovis most freq uently affects the lu ngs, but may be associ ated with 
d i sease i n  other parts of the body. 
1 .2.2 Progressive d i sease in catt le has been attri buted to M bovis but not to 
M. tuberculosis in the U K. Infected catt le can spread bacteria by aerosol spray from the 
mouth and nose, and in other secretions, i nc l ud ing m i l k .  In 1 9 34 the Committee on 
Cattle D i sease under the cha i rmansh ip  of S i r  Frederick Gowland Hopkins reported that 
at least 40% of cows i n  U K  da i ry herds were infected with bovine TB .  Transmission to 
humans  then occu rred ma in ly  through the dr ink ing of u npasteur i sed m i l k  contaminated 
with the organ ism.  In the 1 9 30s M. bovis was est imated to cause about 2 ,000 deaths 
annua l l y, account ing for approx imate ly 6% of total human deaths due to TB (Hard ie 
and Watson ,  1 992) .  
1 .2.3 Bovine TB may be transmitted to man by an ima l s  other than catt le .  Fa rmed 
deer are h igh ly  suscepti ble to M. bovis, for example, and an associ ated case of human 
in fection was reported i n  Canada i n  1 990 (Fan n i ng and Edwards, 1 99 1  ) .  Domesti c  cats 
can a lso acqu i re bovine TB and prov ide another potent ia l  route for transm ission to man.  
1 .2.4 Two interventions have been respons ib le for a dramatic reduction i n  the 
inc idence of M. bovis d i sease in man d u ring  the second half of th i s  centu ry :  fi rst, the 
i ntroduction of wide-sca le pasteu risation of m i l k  i n  the 1 930s has reduced transmission 
from infected catt le to man. Current ly, u n pasteurised ('green top') m i l k  cannot be sold 
for human consumption in England and Wales u n less it comes from cattle belonging to 
a herd which is 'offici a l l y  tu bercu los is-free', under provis ions i n  the Da i ry (Hygiene) 
Regu l ations 1 995 .  Secondly, the attested herd scheme and regu lar  tubercu l i n  testi ng, 
fo l lowed by compu l sory s laughter of reactors, has reduced the level of d i sease i n  catt le .  
1 .2.5 Between 1 993 and 1 995 j ust over 6,000 cases of TB i n  h u mans have been 
notified annua l ly  in the U K .  The causative organi sm is identified by cu ltu re in on ly  
about half of these cases and so prec ise figures a re not avai lable on the total nu mber of 
TB cases attri butable to M. bovis. I n  1 995,  3 2  ( 1  %) of the 3 ,200 tubercu los is  isolates 
cu l tured in the U K  were attr ibuted to M. bovis ( PHLS data). 
1 .2.6 I nd iv idua ls  exposed to infected catt le r isk infection by i nha l at ion of aerosol 
spray, and the Health and Safety Executive recogn i ses M. bovis as an occupationa l  
zoonosis  with a potentia l  r isk for workers in  fa rms and abatto i rs .  I n  South Austra l ia ,  five 
cases of M. bovis i nfection in workers from four  separate abatto i rs were reported in a 
two year  period i n  the 1 980s (Robi nson et al. 1 988) .  I n  a fu rther report on h u man 
infection wi th  M. bovis i n  Austra l i a  (Georgh iou et al. 1 989),  57  out of  87  cases stud ied 
had had su bstant ia l  domestic or work-related exposure to cattle. Occupat ion is  not 
rout ine ly recorded in surve i l l ance data in G reat B ri ta i n  and so accu rate data on 
M. bovis i nfection i n  people in cattle-associated occu pations is not ava i lable .  
1 .2.7 The r isk of transmiss ion of bovine TB from contam inated meat is  extremely 
smal l .  M. bovis does not actively  mu l t ip ly  on meat ( in contrast to common food 
pathogens, such as sa lmone l l a ) .  Raw beef is rarely consumed i n  th i s  cou ntry and 
M. bovis i s  read i l y  k i l led by cooki ng. 
1 .2.8 The majority of recent cases of human d i sease caused by M. bovis in the U K  
occur  i n  older patients : 2 9  of the 3 2  cases i n  1 995 were i n  i nd iv idua ls  over the age of 
50 (PHLS data). These are probably the resu l t  of react ivation of infection acq u i red prior 
to the introd uction of cu rrent contro l  measures, rather than recent transmiss ion .  
1 .2.9 Herd breakdowns are rout ine ly notified to the proper offi cer of the relevant 
local  authority, now usua l l y  the Consu l tant in Comm u n icable Disease Contro l ,  who is 
respons ib le for mon itor ing any associated cases of human d i sease. Resu lts of th i s  
surve i l l ance ind icate that recent herd breakdowns have not made a s ign ificant 
contribution to the cu rrent inc idence of bov ine  TB i n  man. There is ,  as yet, no evidence 
of an increased risk of human infection with M. bovis assoc iated with recent increases 
in d i sease in catt le .  S i nce 1990 there have been 17 cases of M. bovis i nfection in the 
Northern Region, for example, wh i le  the South-Western Reg ion most affected by herd 
breakdowns has reported eight cases over the same period . 
1 .2.1 0 The risk of contract ing bov ine  TB i n  the U K  is very sma l l  both i n  absol ute terms 
and in comparison to the r isk for other d i seases . Accord ing to Department of Health 
figures, the 1 i n  2 m i l l ion annua l  r isk of contract ing cu l ture-confirmed bov ine  T B  
compares with a 1 i n  20,000 r isk of contract ing cu l ture-confi rmed M .  tuberculosis TB,  
1 i n  23,000 and 1 in  20,000 risks of  contract ing H IV infection and men ingit is  
respectively  and a 1 i n  600 r isk of contract ing food poison ing.  
1 .2 . 1 1 However, a nu mber  of factors u nderl ine the importance of guard i ng aga in st 
compl acency i n  assessi ng the potent ia l  threat of bov ine TB to human health, i nc lud ing 
the considerations set out below. 
( i )  Cu rrent increases i n  d i sease in catt le may be caus ing asymptomatic human 
infections capable of  reactivation in l ater l i fe. 
( i i ) There is an increas ing number of immu no-compromised ind iv idua ls  (those 
infected with H I V, for example) with enhanced suscept ib i l ity to infect ion, 
i nc lud ing to bovine TB. 
( ii i ) Stra i ns of M. bovis res istant to known drugs have developed and have 
caused recent outbreaks of fatal human d i sease i n  other cou ntries. 
DNA typ ing has l i n ked outbreaks of mu l ti -drug resistant bov ine TB i n  a Mad rid hospital 
( i nvolv ing 1 6  H I V pos itive patients), a hospital in Ma laga ( i nvolv ing 20 H I V  posit ive 
patients, a l l  of whom d ied less than three months after d i agnosis) and a Dutch H IV 
positive patient who had been treated at the Malaga hospital and who subseq uently 
d ied i n  Amsterdam (Samper et al. 1997). This spread both with i n  and between hospita l s  
shows how qu ickly the d isease can  become a pub l i c  health problem. 
1 .2 .1 2 In  addit ion to the d i rect r isks of contract ing bov ine TB, it i s  important a lso to 
remember the i nd i rect costs i n  terms of health and welfare for farmers whose herds are 
affected and whose l ive l i hoods are thus threatened . 
1 .2 . 1 3 We conclude that the cu rrent r isk of human infection with M. bovis i n  Great 
B rita i n  is negl ig ible.  However, the d i sease has the potentia l  to cause problems and a 
rat ionale u nderlyi ng po l ic ies for control of bovine TB is to ensure that th i s  r isk does not 
increase. We therefore recommend that the inc idence of M. bovis TB in hu mans shou ld 
be kept under review i n  the l i ght of  the increas ing inc idence in catt le. 
1 .3 Bovine TB and an imal health 
1 .3.1  Bovine TB has serious imp l ications for both an imal  welfare and a n i mal health .  
I n  cattle i t  causes reduced productivity and premature death .  i t  thus has severe economic 
imp l ications for affected farms. These factors gave the impetus for the vo l u ntary national 
erad ication programme i ntroduced i n  1935 with vo lu ntary tubercu l i n  test ing and 
i ncentives for herds attested free of TB. This was suspended during the war years. 
1 .3.2 The compu lsory erad ication program me began in 1950 on an area by area 
bas is,  start ing with the least bad ly affected areas (Scottish Is lands, East Angl ia ,  Wa les). 
Areas were dec lared to be 'attested' after a l l  a n ima ls  with pos it ive tuberc u l i n  skin test 
reactions (so-ca l led ' reactors') had been removed for s laughter and two successive tests 
of each an ima l  had shown that a l l  herds i n  the area were TB free. These attested areas 
provided a sou rce of d i sease-free stock for restock ing  the worst affected areas (the 
da i ry i ng a reas of the West and Mid lands) .  
1 .3.3 By 1960, the whole of the UK had been decl ared attested a l though the d i sease 
had not been fu l l y  eradicated : annua l  inc idence'' had been reduced to about one herd 
in fifty. A cont i nu i ng test ing and sl aughter programme fu rther reduced th is .  MAFF 
calcu l ate that in  1996 the annua l  i nc idence of confi rmed herd breakdowns was about 
0.41% in  Great Brita i n .  However, as  F igu re 1. 1 shows, breakdownsb have been stead i l y  
r is ing si nce 1988 i n  both South-West Engl andc and  the rest of England and  Wa les (see 
al so breakdown statistics fo r 1962 to 1996 at Appendix 2) .  The data on d i sease 
inc idence are ana lysed in Chapter 4. 
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Figure 1 . 1 - Proportion of total herds with reactors 
(both confirmed and unconfirmed) 1 962 to 1 996. 
South-West England 
Year 
a ' I ncidence' refers to the rate 
of new infection in a 
population. 
b Figure 1 . 1  shows confi rmed 
and unconfi rmed breakdowns 
as a pro port ion of the Iota I 
herds in South-West England 
and the rest of England and 
Wales: detai ls  of confirmed 
breakdowns were not available 
for the period concerned; nor 
were comparable data available 
for Scotland. 
c 'South-West England' - this 
region is based on the former 
MAFF South-West Region 
encompassi ng Cornwall, 
Devon, Somerset, Dorset, Avon, 
Wiltshire and Gloucestershire. 
1 .3.4 it became c lear in the late 1 960s and early 1 9 70s that, contrary to the pattern 
i n  the rest of Great B ri ta i n ,  prevalence remai ned stubbornly h i gh in South-West England 
(F ig .  1 . 1 ) . I nvestigations i nto the reasons for th is  led MAFF to conclude that badgers 
were a potentia l  reservo i r  of M. bovis i nfection for catt le. 
1 .4 Measures to tackle the TB threat from badgers 
1 .4.1 This section summarises the development of pol ic ies and strategies over the 
period si nce the early 1 9 70s. Appendix 3 summarises the key features of prev ious 
control strategies and Chapter 5 ana lyses the effectiveness of the various strategies. 
Identification of the risk 
1 .4.2 When it became c lea r  that the persi stence of the d i sease i n  certa in areas 
poi nted to a sou rce of infection other than cattle, MAFF exam i ned w i l d l ife, i nc lud ing 
badgers, to assess the i r  potent ia l  as reservo i rs of TB infect ion for catt le. They found that 
a l though other spec ies cou l d  be infected with TB, th i s  was at low l evels  compared with 
the prevalence of the d i sease in the badger popu lation (see a l so Chapter 2 ,  table 2 .2 ) .  
MAFF concl uded i n  1 9 73 that action was requ i red to dea l with  infected badgers where 
they posed a threat to the health of catt le. 
1 .4.3 The Badgers Act 1 9 73 enabled Agricu l ture M in i sters to issue l i cences for the 
k i l l i n g  of badgers to prevent the spread of d i sease. I n i t ia l ly, affected farmers were 
perm itted to ki l l  badgers on their  own fa rms by shoot ing (someti mes fol lowing trapping 
or snar i ng) . However, there was concern about the we lfa re imp l ications of these 
methods. Trapp ing was a l so considered to be too cumbersome and ti me-consum ing.  
I n  the l i ght of th i s  MA F F  decided that gass ing setts with hydrogen cyan ide was the most 
h umane and effective method of k i l l i ng  badgers . Conservation and an ima l  welfare 
organ i sations accepted th is .  
Gassing strategy 
1 .4.4 The Conservation of Wi ld  Creatu res and Wi ld  Plants Act 1 9 75 perm itted the 
u se of gas to be spec ified in I icences. The Government u ndertook to ensu re that 
l i cences to control badgers were issued on ly  to MAFF staff or other people u nder 
MAFF contro l .  
1 .4.5 The Government a l so annou nced in 1 9 75 the formation of the Consu ltative 
Panel on Badgers and Tu bercu losis to adv ise MAFF on measures to deal with the 
problem of bov ine  TB i n  badgers. The Panel com prised representatives of interested 
organ isations (conservation, welfare, farming and veter inary) . it met for the fi rst t ime in 
September 1 975 and contin ues to th i s  day, a l though meeti ngs have been suspended 
pend ing the outcome of th i s  Review. 
1 .4.6 Gass ing operat ions began in August 1 9 75 and conti nued with a short break 
(September 1 979 to October 1 980) dur ing the Zuckerman review u nti l J u ne 1 982 .  
1 .4.7 Once a breakdown had been attributed to badgers, popu lat ions were sampled, 
norma l l y  up to one k i lometre from the farm boundary, to identify i n fection status. Settsa 
of i n fected soc ia l  groups b identified and other i n -contact soc ia l  groups were then 
gassed . However, the methodology for identify i ng soc ia l  groups was not suffi c ient ly 
r igorous to ensure that these were a lways precisely identified (see section 5.2). Gassed 
setts were revis i ted for u p  to two years after i n i t ia l  gass ing to prevent imm igrant badgers 
from contracti ng infect ion from contaminated setts or br inging in new i nfection .  
1 .4.8 I n i t ia l ly, gassing  operations were subject to agreement by the occupiers of 
the land .  New legislation was subseq uently in troduced (Agricu lture (Misce l l aneous 
Prov is ions) Act 1976; and the Badgers (Control Areas) Order 1977) provid ing powers of 
entry i n  fou r  defined areas for badger i nvestigat ion, surve i l l ance and contro l  operat ions. 
Outside these statutory areas, badger control operations were subject to the vo l u ntary 
agreement of the occup ier. 
Zuckerman review 
1 .4.9 Publ ic  scept ic ism about the role of i n fected badgers in transm i tt ing d i sease to 
cattle and crit icism of the practice of gass ing led to the then M in ister of Agriculture asking 
Lord Zuckerman in September 1979 to review the prob lem and make recommendations. 
Gass ing operat ions ceased at the start of th i s  review u nti l October 1980. 
1 .4.1 0 Lord Zuckerman concl uded that on scientific grounds it was c lear that badgers 
constituted a s ign ificant reservo i r  of bov ine TB. He based th i s  conc l us ion on evidence 
of the proport ion of infected badgers and on  the fo l lowing  key factors (Zuckerman ,  
1980, paragraph 45): 
' (a) The infecting organ i sm has been experimenta l l y  proved to be the same i n  
both spec ies - cu ltures made from T B  lesions i n  cattle have infected 
badgers experimenta l ly, and vice versa . 
(b) Badgers develop 'open lesions' and can spread the organ i sm.  
(c) They can pass the d i sease on when p laced in contact with clean cattle. 
(d) I n  areas i n  which infected badgers are common, the infection rate in cattle 
is h igh. 
(e) If infected badger colon ies are removed, the inc idence of breakdowns in 
catt le decreases. 
(f) The organ i sm can persist i n  pasture long enough to a l low of infection 
in catt le. '  
1 .4.1 1 He fu rther conc luded that the high dens ity and c lose prox im ity of the catt le and 
badger popu lat ions in parts of South-West E ng land favou red the transm ission of the 
d i sease both from badgers to catt le and from one infected group of badgers to another 
and that the d i sease seemed to have spread s i nce control measu res had been ha l ted i n  
October 1979. In  the I ight of these fi nd i ngs h e  recommended that gass ing  operations be 
a 'Sett' is the name given to the 
burrow system which badgers 
use for shelter and breed ing. 
Setts vary i n  size but would 
typica l ly  have 3 - 1 0  large 
entrances leading to an intricate 
system of interconnected tunnels 
and chambers. 
b Badgers are social animals 
which l ive together in  social 
groups which occupy one or 
more setts i n  wel l-defined 
territories from which other 
social groups would be excluded. 
a 'Bait-marking' is used to 
define social group territories 
by placing coloured plastic 
chips i n  palatable food at sett 
entrances using a d ifferent 
colour at each main sett and 
then recording the latrines in 
which particular colours of 
chips are found in faeces. 
resu med as soon as poss ib le  and that these should be mon itored to assess the i r  impact 
on preva lence of the d isease in cattle and badgers. 
1 .4.1 2 In accordance with another recommendation by Lord Zuckerman the concen­
trat ions of hydrogen cyanide gas needed in the a i r  of a sett to k i l l  badgers qu i ck ly and 
h u ma ne ly  were investigated . This i nvest igat ion cast doubt on the h u maneness of th is  
method of k i l l ing because research showed that badgers d id  not d ie im med iately 
u nderground.  Gassing was therefore rep laced in J u ly 1982 with l ive trapping fo l l owed 
by humane ki l l ing (usua l l y  shooti ng) . This had the adva ntage that carcases were 
ava i l able for scientific study. 
Clean ring strategy 
1 .4.1 3 Between 1982 and 1985, a 'clean ri ng' strategy was i ntroduced to repl ace the 
gass ing strategy. U nder th is  strategy soc ia l  groups were ident ified us i ng bait-markinga.  
Samples from carcases were then taken from al l  setts u sed by these soc ia l  groups. Those 
groups fou nd, on laboratory examination, to be infected were total ly removed, extending 
o ul lo successive soc ia l  groups u nti l a c lean r i ng of u n i nfected soc ia l  groups was found .  
The  techn iques used meant that it was poss ib le to  defi ne fa i r ly  prec isely the  geographica l  
extent of infection .  Re-estab l i shment of badgers i n  the clea red area was prevented by 
fu rther trapp ing for s ix months to avo id any risk of i ncom ing badgers bri ng ing new 
infection or becom i ng infected from any l ive bacteria remai n i ng in the setts. 
Dunnet review - interim strategy 
1 .4.1 4 Lord Zuckerman had recommended a review of po l i cy th ree years after h i s  
report was pub l i shed . I n  September 1984 M i n isters asked Professor Dun net to conduct 
th i s  review. He reported i n  March 1986. The terms of reference for th i s  review, its 
recom mendations and a summary of action taken by MAFF in respect of each of these 
recommendations are set out in  Appendix 4. 
1 .4.1 5 Professor Dunnet concl uded that, on the bas is  of the evidence then ava i lable, 
some form of cont inu ing badger contro l was unavoidable (Dunnet et al. 1986, paragraph 
1 08) .  He therefore recommended more l i m ited badger removal operations- the so­
ca l l ed i nteri m strategy. However, he clearly envi saged this strategy operating on ly :  
(i) unti l there were suffic i ent fu rther data from research and badger remova l 
operat ions to enable a fu rther substantive review (Dun net et al. 1986, 
paragraphs 1 07 and 143); and 
( i i )  i n  the expectation o f  t h e  deve lopment o f  a rel iab le a n d  effective d i agnost ic 
test for TB in l iv ing badgers with i n  about f ive years (Dunnet et al. 1986, 
paragr aphs 118 to 120). 
1 .4.1 6 Professor Dun net recommended the development of the d i agnost ic test in l iv ing 
badgers (the ' l ive test') both as  an aid to research and as a more d i scri m i natory and 
acceptable strategy for badger control : it wou Id enab le on ly  infected badgers to be 
k i l led . He considered that targeting  cu l l ing on in fected an ima l s  wou l d  a l so avo id some 
of the d i sruption to soc ia l  grou ps seen by b lanket remova ls .  
1 .4.1 7 Crucia l l y, the l ive test was a l so seen as  providi ng, for the first time, the poss ib i l ity 
of a rel i able means of determ i n i ng the infection status of badgers without k i l l ing badgers. 
Th is  in turn wou ld potenti a l l y  fac i l itate a proactive badger control strategy rather than 
the previous reactive ones. 
1 .4.1 8 The inter im strategy was in tended to offer a means of contro l l i n g  badgers on 
infected fa rms pend ing the development of the l ive test. However, it remains  the main  
control method . l t  restricts badger removal operations to that part of  the breakdown 
farm where it i s  bel ieved the d isease was transmitted to cattle or to the whole farm if  it 
i s  impossib le to be more prec ise. Operations may not, however, extend beyond the 
breakdown farm. Badgers are k i l led by cage-trapping and shoot ing.  The carcases are 
then removed for post-mortem exami nation and laboratory cu lture of samples .  The 
remova l operation ceases when there is  no fu rther sign of badger act iv ity on the reactor 
land .  Si nce the end of 1989 there has been no subseq uent automatic revis i t ing 
arrangement to remove any imm igrant badgers . 
1 .4.1 9 The deci s ion on whether a badger removal operation is warranted is taken by 
sen ior offic ia l s  i n  cases where a confi rmed breakdown has been attr ibuted to badgers 
and where the breakdown occu rs in a parish where there has been in fection i n  cattle 
attri buted to badgers in  the past s ix years (a type I parish). However, i n  pari shes where 
there has been no recent h i story of TB attr ibuted to badgers (a type 11 parish),  the 
procedu re requ i res a badger survey to be carried out fi rst and for this and other veterinary 
evidence to be presented to a subgroup of the Consu l tative Panel on Badgers and 
Tu bercu losis (the 'm in i-Pane l ' ) .  The m in i -Panel  wou ld determ ine whether the evidence 
warranted a badger removal i n  these cases. 
1 .4.20 The Dunnet report recogn i sed that these more l im ited controls on badgers might 
not be suffic ient to prevent a r ise in breakdowns. U pper l i m i ts for the levels of futu re 
brea kdowns were therefore spec ified . The report env isaged that if 'the mean annua l  
inc idence of  breakdowns over the  next three years exceeded 1.45% of herds, or  1.25% 
over the next five years' a review of the inter im strategy would be triggered (Dunnet et al. 
1986, paragraph 113). Unfortunate ly, it is not c lear to what area these benchmarks were 
intended to apply and they do not therefore appear to have had any pract ical  effect. 
Six point plan 
1 .4.2 1 There was no formal review of the new strategy in the six years fo l lowing the 
Dun net report. However, in 1993 in the l i ght of mount ing concern about the i ncreas ing 
numbers of breakdowns, and ta k ing account of advice from the Consu ltative Panel ,  
Mi n isters agreed a s ix  po in t p lan .  Th is  compri sed: 
( i )  a major 1 0- 1 5 year research program me to develop a badger vacc i ne; 
a 'Sensitivity' refers to the 
proportion of infected animals 
correctly identified. 
b 'Specificity' refers to the 
proportion of uninfected 
animals correctly identified. 
( i i )  research on  a blood test to im prove the effic iency and  cost-effectiveness of  
d i agnosis i n  catt le;  
( i i i ) w i ld l ife mon itor ing: veter inary ep idem iological  i nvestigations i nto catt le 
breakdowns inc l ude wi ld l ife mon itor ing i n  the v ic in ity. A nat ional su rvey 
to invest igate the inc idence of TB i n  badgers k i l led in road traffic acc idents 
had taken p lace between 1 986 and 1 990 but was then d i scontin ued 
because of lack of fu nds; 
( iv) a focus on transmiss ion stud ies; 
(v) research on badger d i sturbance to mon itor the effects of a l ive test badger 
removal operation on badger movements and catt le d i sease; and 
(v i )  a comparative tr ia l  of the l ive test (see bel ow) . 
These and other research priorit ies are considered i n  the fo l lowing  chapters . 
Live test trial 
1 .4.22 MAFF began a tria l  of the blood test for l ive badgers in  November 1 994. The 
aim was scientif ica l l y  to eva luate the live test approach aga in st the i nter im removal 
strategy by runn ing the two in para l lel for five years. The tri a l  focused on the h igh  r isk 
areas i n  South-West Eng land . it was envisaged that i t  wou ld cover 4 ,000 herds 
su rrou nd ing breakdown farms and at r isk from the same badgers as  cou ld have caused 
these breakdowns. 
1 .4.23 Because of the poor sensit ivitya of this test when appl ied to ind iv idua l  an ima l s  
( i t  identifies on ly  4 1 % of infected badgers) it was decided to app ly  the test to 
popu lations of badgers at sett leve l .  Th i s  increased the sensit iv ity, a lbe i t  with a loss of 
some spec ific ityb ( i .e .  s l ightly more negative badgers were identified as positive). 
1 .4.24 In the event  the l ive test trial ran only for 1 8  months before being suspended 
pend ing the outcome of th i s  Rev iew. Although no firm conc lus ions cou ld be d rawn 
from the tr ia l  at that poi nt, MAFF was clear at that stage that some fu ndamenta l  
a l terat ions to the tr ia l  design wou l d  be necessary if it were to be re instated . A more 
detai led description and ana lysis of the tr ia l  is conta ined i n  section 5 . 3  and Append ix 1 5 . 
1 .5 legislative position 
Tubercul in testing 
1 .5 .1  EU D i rective 64/432/EEC (to be superseded by D i rect ive 97/1 2/EC with effect 
from 1 J u l y  1 998) lays down the requ i rements for tu bercu l i n  test ing of catt le .  Th i s  
i nc ludes the m i n i m u m  test ing frequency for cattle which depends on the percentage of  
infected catt le herds. Annua l  testi ng is  requ i red u n less the percentage of  i n fected herds 
in the member  state or reg ion of a member state (cu rrent ly defi ned as cou nty, or la rger 
area, i n  G reat Br ita in )  is 1 %  or l ess over a spec ified reference period, when test ing may 
be carried out at two year interva ls .  Where the percentage of infected herds is 0 .2% or 
less or 0. 1% or less over a spec ified reference period, test ing may be carried out at three 
or fou r  yea r interva l s  respective ly. 
1 .5.2 Most areas of Great Bri ta i n  meet the criterion for fou r-yearly test ing.  Testi ng 
freq uency wou ld  i ncrease if the percentage of in fected herds exceeded the thresholds 
descri bed above. At the t ime of the Review, the annua l  herd breakdown rate was r is i ng, 
with new areas being affected . A reassessment was be ing made of test ing freq uency in 
the l ight of this and of the EU legis lat ion, with the poss ib i l i ty of addit ional regions with 
h igher inc idence moving to more frequent test ing.  Any such changes wou ld 
considerably increase the cu rrent total of about £11 m i l l ion  a year spent on test ing.  
Increased inc idence cou ld a l so, in  pri nc ip l e, have sign if icant trade impl ications. 
Badger legislation 
1 .5.3 The Badgers Act 1973 was the fi rst badger protection legis lat ion in Great 
Bri ta i n .  lt i ntroduced offences for  the tak i ng, in jur ing  or k i l l i ng  of badgers. There were 
certa in exemptions enab l i ng authorised persons (for example, land-owners) to k i l l  or 
take badgers on their land and M in i sters to issue l i cences for k i l l i ng or tak ing  badgers to 
prevent d i sease spread . The exemptions for authorised persons  were removed by the 
Wi ld l i fe and Cou ntrys ide Act 1981. Effective ly  th is  meant that k i l l ing badgers was 
legi t imate on ly  u nder l i cence issued by M in i sters. 
1 .5.4 The leg is lat ion was success ive ly  t ightened with spec if ic provis ion for the 
protection of setts introduced by the Badgers Act 1991. The Protect ion of Badgers Act 
1992 conso l idated the earl ier legislation .  lt reta ins the key provis ion enabl i ng  Agriculture 
M in i sters to issue l icences to k i l l  or take badgers, or to i nterfere with a badger sett 
with i n  a spec if ied a rea, for the pu rpose, among others, of preventing the spread of 
d i sease. However, l icences are not issued for d i sease control pu rposes. MAF F  carries 
out a l l  th i s  work itse l f  and rel ies on Crown immun i ty u nder the relevant legis lation .  
1 .5.5 Section 11 (1) of  the  Wi ld l ife and Cou ntrys ide Act 198 1 proh ib its self- lock ing 
snares for the k i l l i ng or tak ing of any wi ld an imal .  More genera l ly, a l l  forms of snari ng 
a nd trappi ng are prohi bited for badgers and certa i n  other a n i ma ls .  However, M in i sters 
may issue l i cences perm itt ing the use of snares and other trapping methods proh ib i ted 
by these provis ions where they a re sati sfied that th i s  wou ld  be appropriate. The 
leg is lation requ i res snares to be checked da i ly. 
1 .5.6 Al l  wi ld mammals  have a certa i n  level of legal protect ion: for example, the 
Wild Mammals Protection Act 1996 makes i t  an  offence to commit  certa i n  acts of 
cruel ty agai nst wi ld  mammals .  Badgers are not an endangered spec ies and the badger 
protection legis lat ion confers on badgers a degree of protection which is  beyond that 
necessary to preserve their  cu rrent d i str ibut ion. 
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1 .6 The international picture 
1 .6 . 1  I n  conducting th i s  Review we have sought to learn from experience i n  other 
cou ntries. Information on bovine TB and w i ld l i fe reservo i rs in other cou ntries is  often 
d ifficu l t  to obta in .  Appendix 5 summarises information compi led by MAFF  on bovine TB 
in EU and some other countries. it i s  not exhaustive: an in-depth study of bovine TB controls 
throughout the world wou ld be a d i fferent and more lengthy task than the one we have 
been assigned . However, the key po int i s  that bovine TB is  not a u n iquely Brit ish prob lem. 
1 .6.2 Given the com plex ity of the d i sease, it i s  important to learn from experience in 
other cou ntries. 
1 .7 MAFF research 
1 . 7.1 MAF F's £1.7 m i l l ion TB research budget in 1997/98 focuses on three ma in  
areas as  i l l ustrated in F igure 1.2 : 
( i )  research to improve u nderstand ing of TB i n  badgers and how badgers can 
be prevented from transm itt ing M. bovis i nfection to catt le (43%);  
( i  i )  developing better d i agnostic tests for catt le ( 3 1  %)  ; and 
( i i i )  developing a vacc ine for badgers (26%). 
Improv ing 
understand ing of the  
i nteraction of  TB in 
badgers and cattle 
43% 
(£7 1 4,000) 
Developing a vacc i ne for badgers 
26% 
(£429,000) 
Figure 1 .2 - MAFF TB research expenditure 1 997/98. 
Note: f igures as at 1 September 1 997 .  
Developing better 
d i agnostic tests for cattle 
3 1 %  
(£52 1  ,000) 
1 . 7.2 As is  shown in F igure 1 . 3 ,  on ly  5% of research is  cu rrent ly contracted out with 
the rest carried out by the Veter inary Laboratories Agency (75%) and Central Science 
Laboratories (Woodchester Park - 20%). We do not consider that th i s  apporti onment 
reflects that the best use is  be ing made of avai l able expertise. We recom mend MAFF 
should ensure in future that research is  commissioned from those with the best expert ise 
from throughout the U K  research commun ity. We a l so recommend that MAFF should 
cons ider partnersh ips with industry, un iversit ies and other fu nd ing  agencies to deve lop a 
better co-ord inated approac h .  These poi nts are essent ia l  to ensu re best va l ue for money 
is  ach ieved for the l i m ited resources avai lab le .  
Woodchester Park 
(Central Science Laboratory) 
20% 
(£3 29,000) 
Oxford Un iversity 
3% 
(£47,000) 
Br istol U n iversity 
2% 
(£30,000) 
Figure 1 .3 - MAFF TB research expenditure 1 997/98 by contractor. 
Note: figures as at 1 September 1 997 .  
Veterinary 
Laboratories Agency 
75% 
(£1 ,258,000) 
1 .7.3 Over n i ne ti mes as m uch money is spent on TB control (£1 6 m i l l ion a year) as 
is spent on TB research (£1 .7  m i l l ion a year) by MAFF. The money spent on research is  
very sma l l  given the economic cost of the d i sease and the u ncerta i nties that surrou nd 
many key issues. lt contrasts with the position i n  New Zealand where the absolute amount 
spent on research is  nearly three ti mes as h igh ( NZ$ 1 0.9 m i l l i on or £4.7 m i l l ion) and 
the amount spent by the Government on control is just u nder twice (NZ$ 2 0 . 1  m i l l ion) 
that spent on research .  One sign ificant d i fference between New Zea l and and Great 
B ri ta i n  is that the New Zea l and Government pays less than ha l f  of the costs of their  TB 
control measures. 
1 .7.4 In th i s  cou ntry the Govern ment pays for a l l  the TB contro l s .  G iven the need for 
substant ia l  cont i nu ing research in th i s  area, we recommend that the Government shou ld 
review the amount spent on research in abso lute terms and consider whether the 
a l location of resou rces between research and control costs is correct and the extent to 
which it wou ld be reasonable for the ma in  beneficiar ies (the farmers) to contri bute to 
control costs from which they benefit d i rectl y. 
1 .8 MAFF objectives 
1 .8.1 MAFF's stated objective i n  re lat ion to TB i s :  
( i )  'to mai nta i n  the Tubercu losis . . .  F ree offic ia l  status of  Br i t ish cattle . . .  and 
( i i )  to red uce the number of  outbreaks by  regu la r  test ing of  a l l  herds and  
compu lsory s laughter, with compensation' (MAF F/I B Departmental 
Report 1 997 ) .  
The Review G roup has been told that in practice the a i m  is to meet the criterion for 
fou r-yearly test ing for a l l  herds. With the cu rrent pattern of increas i n g  inc idence,  th i s  is 
an ambit ious objective. Th is  Report sets out what we consider m ust be done to identify 
and address the extent of badger involvement in TB i n  catt le and so to assist i n  meet ing 
th is  objective. 
1 . 9 Conclusions and recommendations 
1 .9.1 Bovine TB is  currentl y a negl ig ib le r isk to h u man health i n  B ri ta i n .  However, 
the d i sease has the potential to cause problems. The inc idence of M. bovis TB in 
h u mans should therefore be kept u nder review i n  the l ight of the increas ing inc idence of 
the d i sease i n  catt le (section 1 .2 ) .  
1 .9.2 Bovine TB has severe economic imp l ications for affected farms. I ts  imp l i cations 
for an ima l  welfare and health a l so warrant h igh priority being given to reduc ing the 
inc idence of the d i sease (section 1 .3 ) .  
1 .9.3 The i ncreas ing inc idence of  the d i sease cou ld necessi tate more frequent test ing 
of catt le with substanti a l  imp l ications for pub l ic  expenditure. it cou ld a l so, i n  pri nc ip le, 
have impl ications for trade (pa ragraphs 1 .5 . 1  and 1 . 5 .2 ) .  
1 .9.4 Badgers are not  an  endangered spec ies and the badger protection legis lat ion 
confers on badgers a degree of protection which is  beyond that necessary to preserve 
their  cu rrent d i str ibution (paragraph 1 . 5 .6) .  
1 .9.5 Bovine TB is  not a u n ique ly Brit ish problem. it i s  therefore important to learn 
from experience i n  other cou ntries (section 1 .6) .  
1 .9.6 The re latively sma l l  amount of research cu rrently contracted out does not reflect 
that best use is being made of ava i l able expert ise. MAFF shou ld  ensure that research is  
commiss ioned from those with the best expert ise from throughout the UK research 
comm u n ity. MAFF should a l so consider partnersh ips with industry, u n iversit ies and 
other fu nd ing agenc ies to deve lop a better co-ord inated approach (paragraph 1 .7 .2 ) .  
1 .9.7 The money spent on research is  smal l given the economic cost of  the d i sease 
and the u ncerta i nties surround ing many key issues. The Government shou ld review the 
amount spent on research in abso lute terms and consider whether the a l location of 
resou rces between research and control costs is right and the extent to wh ich  i t  wou ld  
be reasonable for the main  benefici aries (the farmers) to contr ibute to control costs from 
wh ich  they benefit d i rect ly (paragraphs 1 . 7 .3 and 1 . 7 .4) .  

Chapte r 2 
2 Evidence for the transmission of 
Mycobacterium bovis from badgers 
to cattle 
2.1 I ntroduction 
2.1 .1  This  chapter assesses the evidence on transmission to catt le i n  G reat B rita i n  of 
M. bovis i nfection i n  badgers and rigorously exami nes poss ib le a l ternatives to the badger 
as a source of TB in catt le.  I n  section 2 .2  we consider the poss ib le  impact of other 
w i ld l ife spec ies and how th is  mi ght be eva l uated . Section 2 . 3  considers the scope for 
transmiss ion between catt le and from other spec ies to catt le .  Sections 2 .4 and 2 . 5  
respect ively analyse the evidence o f  association between M .  bovis in  badgers a n d  TB i n  
cattle and of transmission from badgers to catt le.  Section 2 . 6  summarises the conclu sions 
and recommendat ions .  
2.1 .2 I n  analys ing the data avai lable on  M. bovis infection i n  badgers and catt le, i t  is  
important to d i st ingu ish between evidence of an association between M. bovis i nfection 
in badgers and in cattle and evidence of transmission of M. bovis from badgers to catt le .  
Transmiss ion of M. bovis from badgers to cattle wou l d  resu l t  in  an assoc iat ion;  but such 
an assoc iat ion cou ld  a l so ar ise from transmission of M. bovis from catt le to badgers, or 
from transm ission of M. bovis to catt le and badgers from a common sou rce. 
2.1 .3 Data su pport i ng an assoc iat ion between M. bovis i n fection in badgers and herd 
breakdowns are strong. The data su pporti ng the transmiss ion of M. bovis from badgers 
to cattle are much weaker. However, the analysis in  the sections below sets out our reasons 
for considering that transmission of M. bovis from badgers to catt le is the most I i kely 
cause of the observed assoc iation and thus plays an im portant role i n  the TB problem in 
Brit ish catt le .  
2.2 Badgers and other potential wi ld l ife reservoi rs for 
M. bovis 
2.2.1  The badger is  just one of severa l w i ld l ife spec ies that are infected with 
M. bovis. To establ i sh the potent ia l  importance of these spec ies in transm itt ing infection 
to cattle, several factors must be taken i nto account for each spec ies i nc lud ing :  
( i )  prevalence of M. bovis i nfection; 
( i i )  the severity o f  the d i sease a n d  its effect o n  infect iv ity ;  
( i i i ) abundance of the spec ies; and 
(i v) the extent of contact with cattle i nc lud ing  the movement range of 
the w i ld l ife. 
These four  factors are explored i n  more deta i l  below. 
Prevalence 
2.2.2 No infect ions were detected in the spec ies set out in Tab le 2 . 1 , examined i n  
con nection with MAFF investigations between 1 97 1  and 1 986.  
Species N umber sampled 
Bat (Pipistrellus pipistrellus) 
Cats (Felis catus) 25 
Ferrets (Mustela putorius furo) 25 
G rey squ i rrel s  (Sciurus carolinensis) 1 78 
Hares (Lepus capensis) 1 4  
Harvest mice (Micromys minutus) 3 
Hedgehogs (Erinaceus europaeus) 23 
Polecats (Mustela putorius) 8 
Rabbits (Oryctolagus cuniculus) 1 44 
Shrews (Sorex spp) 1 35 
Stoats (Mustela erminea) 33 
Voles (C/ethrionomys glareolus, Microtus agrestis) 875 
Weasels  (Mustela niva/is) 33 
Wood m ice (Apodemus sylvaticus) 744 
Ye l low necked m ice (Apodemus fla vicollis) 73 
Other sma l l  u n identified rodents 1 66 
Table 2.1  - Wildl ife examined and not detected to be infected with M. bovis 1 971 to 1 986. 
Source: Bovine Tubercu losis in Badgers, 1 1 th Report, MAFF, 1 987, Append i x  8 ,  part 1 1 .  
2.2 .3  Over the period 1 97 1  to 1 995,  Table 2 .2  shows that MAFF i n vestigat ions 
detected M. bovis in  the fo l lowing spec ies other than badgers : moles ( Talpa europaea) ; 
foxes ( Vu/pes vu/pes) ; m i n k  (Mustela vison); rats (Rattus norvegicus) ; wi ld deer (red : 
Cervus elaphus; roe : Capreolus capreolus; fa l low : Oama dama; and s i ka :  Cervus 
nippon) ; and ferrets (Mustela putorius furo) . Although the prevalence of M. bovis i n  the 
sampled badgers (Metes metes) i s  h igher than in the other sampled species, the sample 
suffers from unquantifiable b iases (see a l so section 4 .3 ) .  
Species M. bovis infection prevalence Number sampled 
Mole ( Ta lpa europaea) 1 .2 1 % 
Fox ( Vu/pes vu/pes) 1 . 1 5% 
Mink  (Mustela vison) 0.58% 
Rat ( Rattus norvegicus) 1 .2 1 %  
Wild deer: red (Cervus elaphus), 
roe ( Capreolus capreolus), fa l low ( Oama dama), 
s i ka ( Cervus nippon) 1 .05% 
Ferret (Mustela putorius furo) 3 .85% 
Badger (Metes metes) 4 .05% 
Table 2 .2  - Prevalence of  M. bovis infection in infected wildl ife. 
1 66 
954 
1 72 
4 1 2 
1 ,8 1 7 
2 6  
2 1 , 7 3 1  
Wild and feral species other than badgers were sampled by MAFF between 1 97 1  and 1 995. The sample of badgers presented 
here are those submitted by the pub l ic between 1 972 and 1 994. 
Source: MAFF Annual Reports on Bovine Tuberculosis i n  Badgers. 
2.2.4 Stud ies carried out in New Zea land have found that M. bovis prevalence is  
h igher in  ferrets sampled on farms with a h i story of TB i nfection i n  cattle than on farms 
with no record of herd breakdowns ( 1 7 .9% compared with 0%) . This assoc iation led to 
the suggestion that ferrets m ight transmit TB to cattle in New Zea l and (Ragg et al. 1 995b). 
As in the case of badgers, such an assoc iation cou l d  a l so ar ise from transm ission of TB 
from catt le to ferrets or to catt le and ferrets from a common sou rce. However, ferrets are 
dealt with as a w i ld l ife reservo i r  of bov i ne TB in certa in  parts of that cou ntry. 
2.2.5 Ferrets are domesticated polecats and occur as feral popu lations i n  Great Brita i n .  
Wi ld  pol ecats a l so exist in  parts o f  B rita in and the popu lation is  increas ing. O n l y  eight 
were sampled between 1 97 1  and 1 986 and none were found to be in fected . Although 
the popu lation density is  low, recent stud ies show that i n  wi nter they spend a large 
proportion of their  t ime i n  and around farm bu i ld i ngs. Few ferrets have been sampled i n  
Brita in ,  and  on ly  one was found to be infected, resu lt ing i n  the re latively h igh preva lence 
of in fection recorded in Table 2 . 2 .  We recommend that more data shou ld be col lected 
on both polecats and ferrets to est imate the infection prevalence more prec isely as part 
of the assessment of r isk recommended i n  paragraph 2 . 2 . 1  0. 
Severity of the disease and infectivity 
2.2.6 Only an ima l s  that actively shed bacter ia are i nfectious.  Badgers in the late 
stages of TB d i sease often have severe lesions, from which bacteria are exc reted, in  
(see a l so paragraphs 3 .4 . 1  to  3 .4.6) : 
( i )  sputum, i f  the l u ngs are in fected ; 
( i i )  faeces, when sputum i s  swal lowed ; 
( i i i )  ur ine, if the kid neys are i nfected ; or 
( iv)  pus, often from i nfected bite wou nds.  
Both ferrets and deer may exh ib i t  severe lesions wh ich cou ld potentia l l y  d i scharge 
i n fectious mater ia l  (Ci ifton-Had ley and Wi lesmith 1 99 1 ; Ragg et al. 1 995a) .  Apart from 
badgers, deer and ferrets, the pathology of i nfected wi ld l ife has ind icated on ly  lesions 
which do not shed bacter ia (MAFF, persona l  commun icat ion) .  
Abundance of the species 
2.2.7 A national su rvey in the 1 980s (Cresswel l  et al. 1 990) est imated that the overa l l  
popu lat ion of badgers i n  the U K  was about 250 ,000. A fu rther census in 1 99 7  suggests 
that the nu mber of badgers has increased substanti a l ly between 1 988 and 1 997 (Wi lson  
et al. 1 997) .  I f  the abu ndance of  another spec ies were, say, an order o f  magn itude h igher 
than the badger, that species cou ld  potentia l l y  be just as sign ificant a reservoi r  as badgers, 
even with a lower preva lence. Thus, intense samp l ing wou ld  be necessary to detect a low 
level of i nfection and hence determ ine the potentia l  risk from a h igh ly abundant spec ies. 
2.2.8 We recommend that populat ion dens ities for potentia l  reservoi r  spec ies shou l d  
be obta i ned i n  the geographic areas where herd breakdowns are pers istent. National 
average dens ities wi l l  not suffice for species with widely varied densities. For example, the 
density of badgers is  much greater in South-West England than in many parts of Br i ta i n .  
Extent of contact with cattle 
2.2.9 Badgers favour grazed pastu re wh i le foraging for earthworms, when they a l so 
deposi t  u ri ne, faeces and sputum on the grass (Wh ite et al. 1 993 ;  Hutch i ngs and H arris 
1 997) .  There is  the poss ib i l ity, therefore, that catt le cou ld come in to d i rect contact with 
badgers and M. bovis excreted by badgers i nto their shared environment. Possible 
routes of in fection are d i scussed later. However, cattle cou ld a lso come into contact 
with other w i ld l ife spec ies where their  ranges overlap. We conclude that the extent of 
catt le contact with other spec ies needs to be characterised . 
Assessing the risk 
2.2.1  0 Clearly, spec ies with h igher i n fection preva lences, more shedd ing of bacteria 
when infected , greater abundance and greater contact with cattle w i l l  have more potential 
to transmit  M. bovis to cattle. We therefore recommend that the r isk to catt le from other 
spec ies should be assessed in areas of h i gh herd breakdown risk taking account  of the 
fou r  factors ana lysed above. 
2.3 Transmission of M. bovis from cattle to cattle and 
other species 
2.3.1 Prior to 1 950  when compu lsory tubercu l i n  sk in  test ing of catt le began (see 
paragraph 1 .3 .2 ) ,  extensive pathology and excretion of la rge nu mbers of bacteria were 
a common occu rrence in catt le .  However, as a resu l t  of rout ine sk i n  testi ng  (see 
paragraphs 6 . 3 . 3  to 6.3 . 1 5 ) and cu l l i ng of in fected catt le, most in fected cattle a re 
detected early i n  the cou rse of the d i sease. Excretion of la rge numbers of bacteria is  
a A 'strain' is an isolate of a 
bacterial species which is 
differentiated from other 
isolates of the same species by 
particular characteristics. 
bel ieved to be u ncommon, reduc ing the probabi l ity of transmiss ion from infected cattle 
to catt le and other contact spec ies (Wi lesmith and Wi l l iams 1 9 86; G riffin 1 993 ) .  
2.3.2 Studies have shown that M. bovis may be detected in the trachea, nasal mucus 
and nasal  pharynx of sk in  test negative a n i ma l s  in the absence of vis ib le lesions (Ne i l l  et 
al. 1 992;  Ne i l l  et al. 1 994b). Such an ima ls  are l i kely to be i n  the early stages of infection 
si nce sk in  test reactiv ity is  considered to take on ly  30-50 days to develop after infection 
(F rancis 1 947) .  Present evidence suggests that a l though some recently infected catt le do 
excrete M. bovis, transmiss ion to other catt le is not common (G riffi n and Dolan 1 995) .  
2.4 Evidence of association between M. bovis in 
badgers and TB in cattle 
2.4.1 Badgers infected with M. bovis are often found in areas o f  h igh herd break-
down rates (see paragraph 4 .3 .6) .  However, the d i str ibution of i n fection in badgers is 
much more widespread than these areas : TB is  a l so found in badgers where herd 
breakdowns are not common.  
2.4.2 The proportion of badgers infected with M. bovis i s  genera l l y  h igh i n  areas of 
h igh  herd breakdown rates (see section 4 .3 ) .  However, on ly  l i m i ted data are avai lab le 
on preva lence for low breakdown areas and biases in the data make i t  d ifficu l t  to separate 
out spati a l  and temporal trends i n  M. bovis infection in catt le and badgers . 
2.4.3 Molecu lar  typ ing of M. bovis isolates taken from badgers and cattle at the same 
t ime and p lace show that with in the same area, badgers and cattle often share a common 
stra i n a  of M. bovis, but that d i fferent  combinations of stra ins  are found i n  d i fferent areas 
(see paragraphs 4.4.7 to 4.4 . 1 1  ) . 
2.4.4 In Northern I reland, there is a positive assoc iation between the number of 
badgers per square k i l ometre and the nu mber of v is ib le lesion reactors per square 
k i lometre. The average number of active setts per farm is greater for a l l  herds  with 
confi rmed TB breakdowns. There is  a s ign ificant assoc iat ion between the number of 
active main setts and the risk of a TB breakdown. Al though purchased catt le account  for 
1 5-20% of a l l  breakdowns, the presence of dead badgers or badger setts is assoc iated 
with 4 1 % of the remai n i ng breakdowns (0.  Den ny, personal com mun icat ion) .  
2.4.5 Contiguous confi rmed outbreaks are a l so an important r i sk factor for herd 
breakdowns i n  Northern I re land (associated with 43% of breakdowns not assoc iated 
with purch ased cattle) .  However, i n fected badgers may a l so be respons ib le for at least 
some of these outbreaks : prel im i nary ana lys i s  by DANI shows that herds with a badger 
sett on the premises are more l i ke ly  to have a contiguous neighbou r with confi rmed TB, 
i rrespective of their  own status  (0. Den ny, personal com mun icat ion) .  Thus 4 1 % may 
underestimate the proport ion of breakdowns which are tru ly associ ated with badgers. 
A s im i l a r  ana lys is  for Eng land and Wales wou ld requ i re more i ntensive badger su rveys 
to be carried out than at present. We recommend that the necessary data shou ld be 
co l lected to enable the contribution of badgers to risk of TB to be properly assessed (see 
paragraphs 4 .2 .6 ,  4 . 2 .7, 4 .6 .9 ,  4 .6 . 1 6 and 4 .6 . 1 7) .  
2.4.6 I n  summary, we conc l ude that there i s  strong evidence for an assoc iat ion 
between TB in badgers and catt le.  
2 .5 Evidence of transmission of M. bovis from badgers 
to cattle 
Can badgers transmit M. bovis to  cattle? 
2.5.1 A laboratory study found that ca lves developed sensit iv ity to bov ine tubercu l i n  
after s i x  months' exposure to experimenta l l y  and natu ra l ly i nfected badgers (L i tt le et al. 
1 982) .  Cattle can thus acqu i re M. bovis infection from badgers under unnatural experimental 
cond it ions.  These did not m im ic natu ra l cond it ions, in that catt le and badgers were kept 
in a concrete- l i ned catt le yard, where the badgers s lept in a meta l p ig  sty. Whi l st the 
experiment cou ld not measu re the l i kel ihood of transm ission from badgers to catt le in 
field cond itions nor identify the route of transmission, it did demonstrate that under extreme 
cond it ions it is poss ible for badgers to transmit  M. bovis to catt le. 
What may be the transmission route of M. bovis from badgers to cattle? 
2.5.2 Although d i rect contact between catt le and healthy badgers may be un l ike ly, 
important behavioura l  changes may occur  when badgers a re near death due to TB 
(Cheeseman and Mal l i nson 1 98 1 )  which may br ing i nfect ious badgers and catt le into 
d i rect contact. G iven that herd brea kdowns a re re lative ly rare, d i rect contact between 
infected badgers and catt le, resu l t ing i n  i nha lation or ingest ion of bacteria, can not be 
ru led out. 
2.5.3 Another poss ib le route of transm iss ion is  by cattle com ing into contact with 
faeces, urine and sputu m of i n fectious badgers (see paragraph 3 .4 .6) .  Su rviva l ti mes for 
the bacteria may vary considerably (see paragraph 3 .5 .3 ) .  Si nce catt le sme l l  by fi rst 
exha l i ng strongly, thus creat ing an aeroso l ,  it has been suggested that s imp ly  i nvestigating 
an infected area m ight be suffi cient for i nha lation of the bacter ia .  
2.5.4 We conc l ude that transm ission of M. bovis from badgers to catt le in  the f ield is  
theoretica l ly possible, a l though the route of transmiss ion is  as yet unknown. Research 
into transmission routes is h igh ly desirable. it wou ld be particu larly important for developing 
effective control strategies based u pon reducing badger-to-cattle transm ission by changing 
catt le h usbandry practices . it wou ld  a l so contri bute to understand i ng local variation i n  
r isk. We recommend that further consideration should b e  given to whether appropriate 
techn iques can be deve loped to research th i s  i ssue. 
What are the effects of badger cull ing? 
2.5.5 A red uction in  the inc idence of TB in  cattle in areas after badger clearances 
wou ld  be compel l ing evidence that the badgers had been responsib le for TB in the cattle, 
if a l ternative explanations cou ld be e l im i nated . The impact of badger control i s  d iscussed 
i n  more deta i l  i n  Chapter 4 and is summarised bel ow. 
2.5.6 Four la rge-scale badger c l earances have been carried out, at Thornbury in Avon 
(1 04km 2), at Steeple Leaze in Dorset ( 1 2 km2), at Hart land in North Devon (about 62km2) 
and i n  an area of East Offa ly in the I ri sh Repu b l ic (738km2) .  A l l  four c learances were 
fol lowed by a reduction in the inc idence of TB in catt le .  
2.5.7 At Thornbu ry, a l l  badgers were systematica l ly removed from 1 9 75 to 1 98 1 , 
after which reco lonisation was al lowed . The inc idence of TB i n  catt le fe l l  from 5 . 6% in  
the 1 0  years prior to the clearance, to 0 .45% i n  the 1 5  years fo l lowing the c learance 
(Ci ifton-Hadley et al. 1 995b; R. C l ifton-Had ley, personal commun icat ion) .  There are no 
comparable data from areas wi th  s im i l a r geographica l  characteristics and d i sease 
inc idence but wi thout badger remova ls  because Thorn bury 'was not conceived as a 
scientific experiment but as a means to control the spread of tubercu losis from badgers 
to cattle' (C i i fton-Had ley et al. 1 995b) .  
2.5.8 At Steeple Leaze, there were no  herd breakdowns for seven years ( 1 978 to 1 984) 
fo l lowi ng badger c learance (the main clearance was in 1 975/76 with regassing u nti l 
February 1 979), whi lst in the s ix years before the removal 626 reactor and exposed cattle 
had been s laughtered in repeated breakdowns on a s ingle farm (Wi lesmith et al. 1 982) .  
2.5.9 A large area of the Hartland Pen insu lar, with good natura l  boundaries (the sea 
to the west and the river Tamar to the east), was c l eared of badgers in 1 984. Fol lowing 
the clearance, al l  herds were tested . The clearance resu l ted in a d rop in  herd breakdown 
rate from about 1 5% i n  1 984 to about 4% in 1 985 .  Th i s  improvement was sustai ned for 
nearly ten years. 
2.5 . 1 0 At East Offa ly, badger removal began in 1 989 and contin ued through 1 995 .  The 
inc idence of TB in cattle fe l l  in the experi menta l  removal a rea, but it a l so fel l  in the 
surround ing area of 1 ,456km2, where l im ited removals took place in  response to breakdowns. 
The breakdown rates (ca lcu l ated as the number  of reactors per 1 ,000 tests - inc idence 
figu res are not ava i l able) between 1 9 88 and 1 995 fel l  from 3 . 9 1  to 0.46 in the remova l 
area, compared with from 3 . 39 to 2 . 1 0 i n  the su rrou nding area. 
2.5 . 1 1 The resu l ts from a l l  these removal operations demon strate the importance of 
establ i sh ing adequate experimenta l contro l s .  Badger removal m ight have cau sed the 
observed fal l  in herd breakdown rates, but the poss ib i l ity remains  that some other 
u n identified factor cou ld have been responsib le .  Se lecting equa l  numbers of badger 
remova l and control s i tes random ly from a sufficiently large poo l of s im i l a r  s i tes wou ld 
e l im inate such a l ternative exp lanations. The contro l  s i tes wou l d  al low exami nation of 
natura l  changes over ti me, g iv ing i n sight i nto what wou ld  have occu rred at the badger 
removal s i tes had no i ntervention taken p lace. 
2.5 .1 2 A tria l  is be ing conducted in the Republ ic  of I re land, where four  a reas have 
been selected based u pon  a h i gher than average preva lence of cattle TB over the past 
three to five years and the presence of bou ndaries which may curb immigrat ion of 
badgers i nto the removal areas. Each of the fou r  areas cons ists of one area designated 
for complete removal of badgers and one area where more l i m ited removals (s im i l ar  to 
the i nterim  strategy remova ls  i n  G reat Br i ta i n )  wou ld  take p lace i n  the event of herd 
breakdowns. Badgers are caught by stop-snares, which avo ids the problem of trap shy 
badgers and fac i l itates removal over a la rge area. Proactive removal areas are vis ited 
twice yearly to prevent recolon isat ion. The study, the largest f ield tr ial  in Europe to date, 
wi l l  be reviewed in December 2002. 
2.5.1 3 Us ing a geographica l  i nformation system to ana lyse confi rmed breakdowns for 
the period 1 986  to June 1 992, it was shown that the odds of a 'badger-re lated' breakdown 
occurr ing (see paragraphs 4 . 2 . 5  and 4 .2 .6) decreases as the d i stance to the nearest past 
badger contro l i ncreases (Ci ifton-Had ley 1 993) .  
2.5.1 4 Molecu la r  data of  the type cu rrently be ing col lected by MAFF may a l so he lp to 
identify transmission of M. bovis between an i ma ls  of the same spec ies and of d i fferent 
spec ies. A ti me series of isolates showing a stra i n  appear i ng in on ly  one wi ld l ife species, 
fo l lowed by the same stra i n  appea r ing later in nearby cattle wou l d be strong evidence 
of transm iss ion from that spec ies to catt le (assu m ing that a l l  w i ld l ife spec ies present 
were suffic iently sampled). 
Total isolates Spol igotypes a 
Badger 3 8 1  1 7  
Cat 1 4  5 
Cow 1 , 739 25 
Deer 5 2 
Fox 2 1 
Goat 
Human 2 2 
U nknown 5 3 
Table 2.3 - The number of isolates and 'spol igotypes' taken from humans, cattle and wildl ife 1 988-1 997. 
Source: MAFF 
2.5 .1 5 Badgers and catt le in the same area a re often i n fected with the same stra i n  of 
M. bovis (see paragraph 4.4 . 1 1  ). However, samples for molecu la r  ana lys is  a re current ly 
too sparse i n  ti me and space and do not cover other w i ld l ife spec ies i ntensive ly (see 
Table 2 . 3 )  to enable firm conc l usions to be d rawn.  In add it ion, stra in d i fferentiation is  
a 'Spoligotype' refers t o  a 
particular strai n  identified 
through a molecular typing 
technique called spoligotyping 
(see Chapter 4). 
re latively poor. However, fu rther research in th is  rapid ly changing f ield should he lp 
improve this situation, as shou ld us ing d i fferent techn iques i n  com bination .  We 
recommend a wel l -designed, i nten s ive study over restricted a reas to ana lyse the spati a l  
and tempora l  dynamics of  the d i sease in badgers and other w i ld l ife as we l l  as catt le (see 
paragraph 4.4. 1 2 ) .  
2.5 . 1 6  We conc l ude that data showing decreases i n  herd breakdown rates fo l low ing 
periods of badger remova l are consistent with badgers transmitti ng M. bovis to catt le. 
However, due to the lack of adequate contro l s  we can not defi n it ively conclude from 
cu rrent badger removal data that badgers are an important sou rce of M. bovis i n fect ion 
to catt le. 
2.6 Conclusions and recommendations 
2.6.1 There i s  strong c i rcu mstant ia l  evidence to suggest that badgers represent a 
s ign if icant source of M. bovis infection i n  catt le. The strongest evidence comes from the 
fou r  cases in la rge areas of h igh herd breakdown inc idence where herd breakdown rates 
were lower fo l lowing  badger remova l .  Other evidence is as fo l lows . 
( i )  Transmiss ion of  M. bovis from badgers to  catt le can  occur  u nder certa i n  
laboratory condit ions.  
( i i )  There are assoc iations between spat ia l  a n d  tem poral patterns o f  M .  bovis 
infection in badgers and i n  cattle, a lthough biases i n  the data make it d ifficu lt 
to draw fi rm concl us ions from these (see section 4.3 for a more deta i led 
ana lysis) .  
( i i i )  I n fected badgers in  the w i ld can shed la rge numbers of bacter ia .  
( iv )  Badgers and cattle in  the same area are often in fected with the same stra ins  
of  M. bovis. 
2.6.2 However, the causal l i n k  between M. bovis i n fection in badgers and herd 
breakdowns has not been proven as :  
( i )  no control led, randomised experiments have been carried out i n  natural 
si tuat ions; and 
( i i )  samp l i ng of  isol ates fo r molecu la r  ana lys is  i s ,  a s  yet, too i nfrequent and 
does not adequate ly  cover other w i ld l ife spec ies. 
Neverthe less, the strength of the c i rcu mstant ia l  ev idence leads us  to conc lude that 
transm ission from badgers is l i kely to be a s ign ificant contri butor to the TB problem i n  
B rit ish catt le .  
2.6.3 The potent ia l  for transm ission of M. bovis to cattle from w i l d l ife spec ies other 
than badgers appears to be extremely sma l l  si nce a l l  of the in fected an ima l s  sampled 
(apart from deer and ferrets) have lesions wh ich  do not shed bacter ia .  Nonethe less, the 
poss ib i l ity of other wi ld l ife spec ies acting as reservo i rs of i nfection should be kept under 
scrut iny (see paragrap h  2 .6 .4 ( i i i )  below) . 
2.6.4 Further research is needed to q uantify the contribution of badgers to the r isk of 
TB and to determ ine the effectiveness of strateg ies to reduce r isk .  In part icu lar :  
( i )  A q uantitative analysis shou ld be carried out  a long the l i nes of the DAN I 
case-control study (paragraphs 2 .4 .4 and 2 .4 .5 ) .  
( i i ) I ntervention stud ies shou ld have control as we l l  as intervention areas to 
al low a mea n i ngfu l comparison of pre- and post- intervention condit ions 
(paragraph 2 . 5 . 1 1 and Chapter 5 ) .  
( i i i )  A l l  w i ld l ife spec ies shou ld be assessed in areas of  h igh herd breakdown 
i ncidence as potential transmission risks to cattle on the basis  of (paragraphs 
2 .2 . 1  to 2 .2 . 1 0) : 
(a) preva lence of i nfect ion; 
(b) the severity of the d i sease and its effect on infectiv ity; 
(c) abundance; and 
(d) the extent of contact with catt le .  
( iv) Modern molecu la r  stra i n  typ ing techn iques should be used on longitud ina l  
samples from catt le, badgers and other wi ld l ife over restricted areas to 
trace stra i n  transmiss ion.  I n  pri nc ip le th i s  wi l l  prov ide defi n itive 
conc l usions on the role of transm ission of M. bovis from badgers to catt le 
in  natu ral f ie ld cond it ions (paragraph 2 . 5 . 1 5 and section 4 .4) .  
Chapte r 3 
3 TB in badgers 
3.1 I ntroduction 
3.1 . 1  This  chapter reviews ou r u nderstand ing of  the  d i str ibut ion of TB i n  badgers, 
both in the U K  and in other cou ntries (section 3 . 2 ) .  In section 3 . 3  we describe those 
aspects of the structu re of badger popu lations and badger behav iour l i kely to i nf luence 
the transmission and prevalence of the d i sease, and in section 3 .4 we descr ibe patterns 
of TB infection in badger popu lat ions. Section 3 . 5 considers the condit ions l i ke ly to 
fac i l itate transmission of TB from badgers to catt le .  In  section 3 . 6  we d i scuss the effects 
of past TB control po l icies on badgers and section 3 . 7  summarises concl us ions and 
recommendations. 
3.2 Prevalence, d istr ibution and history of badger TB 
in Europe 
3.2.1 Bovine TB is  a recurr ing problem i n  catt le  i n  several countries, but i t  i s  on ly  i n  
G reat Brita i n  and the Republ ic o f  I re land that badgers are recogn i sed a s  the pri nc ipa l  
w i ld l ife reservo i r  (Caffrey 1 994; Morris e t  al. 1 994).  The presence o f  such a reservo i r  
was fi rst suspected i n  the early 1 9 70s, when the inc idence of  TB in catt le in  South-West 
England had been roughly constant for 1 0 years, despite the repeated testi ng of catt le  
and s laughter of reactors. Th is  suggested that catt le were be ing re- i n fected from some 
outside sou rce. Around the same ti me, the inc idence of TB in catt le in New Zea land 
was showing  a s im i la r  pattern, and extensive surveys of wi ld  and domestic spec ies there 
showed that the possu m  ( Trichosurus vulpecula) was the most l i ke ly reservo i r  (Morris et 
a l. 1 994). 
3.2.2 In B ri ta i n ,  the ro le  of badgers was fi rst recogn i sed in 1 9 7 1 , when a badger was 
found dead from genera l i sed TB on  a farm i n  G loucestersh i re where bovine TB had 
recently been confirmed i n  cattle. Subsequent studies have shown that the prevalence of 
TB in badgers is cons istent ly  h igher than that in other Br i t ish wi ld  and fera l mammals  
(see paragraphs 2 . 2 . 2  a n d  2 . 2 .3 and Tables 2 . 1  and 2 .2) ,  support i ng the view that 
badgers are the most l i kely reservo i r  host for the infection.  
3.2.3 Badgers have a l so been imp l icated in herd breakdowns outs ide of B rita i n .  TB 
has been isolated from badgers from a l l  of the cou nt ies of the I r ish Repu bl ic, and a l so 
from Northern I re land (Dolan and Lynch 1 992 ) .  E l sewhere i n  Europe, TB has been 
confi rmed in badgers on ly  in Switzer land, and  th is  case was attributed to contact with 
in fected roe deer (Bouvier et a l. 1 957) .  Spa in  and I ta ly  have a re latively high inc idence 
of TB in catt le ( FAO figu res; Caffrey 1 994),  and reasonably high density badger 
popu lat ions (G riffiths and Thomas 1 993 ) ,  but there have been no systematic su rveys of 
TB i n  w i ld l ife i n  these cou ntries (see Appendix 5 ) .  
3.2.4 With in  Brita i n , the prevalence of TB i n  badgers has been reported to have been 
cons istent ly h igher in South-West England than elsewhere, with very few cases recorded 
from Scotland and the North and East of England (Cheeseman et a l. 1 989) .  However, as 
section 4.3 of this Report ma kes c lear, u nquantif iable b iases in the sa mp l i ng, and the 
sparseness of data in areas at lower risk of herd breakdown make it d i ff icult  to d raw firm 
conc l us ions from the data. 
3.3 Badger demography, population structure 
and behaviour 
3 . 3 . 1  To u nderstand the l i ke ly  mode of  TB  transm iss ion, the spat ia l  d i str ibution and 
temporal dynamics of the d isease, and to design strategies for TB control ,  it i s  necessary to 
have a knowledge of badger biology. In this section, we review aspects of badger distribution, 
demography and behaviour  relevant to the dynamics of TB in badger popu lat ions.  
Numbers and d istr ibution of badgers in Britain 
3.3.2 Both extens ive and in tens ive stud ies i nd icate that badgers are most abundant i n  
the South and West o f  G reat Br ita in ( F igu re 3 . 1  ) .  The h ighest dens ity recorded is  that i n  
Woodchester Park, where there are more than 25  adu l t  badgers/km2  (Rogers et al. in  press), 
wh i le  in Scotland there are typica l l y  on ly  two to three adu lts and cubs/km2  (Kruuk 1 989). 
3.3.3 it i s  d i fficu l t  to esti mate popu lat ion dens ity accu rately for noctu rnal  an ima l s, 
and extens ive surveys have therefore cou nted ma in  setts rather than badgers themselves 
(Cresswel l  et al. 1 990). The accu racy of these su rveys is l i ke ly  to be l i m ited , part ly 
because they assume that each soc ia l  group occupies a si ng le main  sett, and part ly 
because they ignore local var iat ions in group s ize.  Each su rvey has cou nted the nu mber 
of main  setts in about 2 , 500 1 km 2 sq uares across B rita in (Cresswel l  et a l. 1 990; Wi lson 
et al. 1 997) .  By assign ing each square to one of 32 land c l asses, these su rveys have 
extrapolated the dens ity of main  setts i n  each land c l ass, and used th i s  to arr ive at 
regional  esti mates of badger density. Despite the i r  l i m itat ions, these su rveys prov ide 
relative est imates of badger numbers at the regional  level . Est imates of ma in  sett dens ity 
derived from data co l lected in the 1 990s are h igher than those for the 1 980s, with 
s ign ificant d i fferences for South-West England and the West Mid lands (Table 3 . 1  ) .  
Deta i led stud ies i n  part icu lar  s ites support the conclus ion that popu lation dens ity has 
risen (see paragraph 3 . 3 . 7) .  
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Figure 3.1 - The estimated density of badger social groups across Britain, extrapolated on the basis of land classes, in (a) the late 1 980s, and (b) the mid-1 990s. 
Source: Wilson G., Harr is S. and Mclaren G. ( 1 997). Changes in the Brit ish badger popu lation, 1 988- 1 997.  Copyright of the People's Trust for Endangered Species, London. 
Region Estimated number of Number of % 
main setts/km2 squares difference 
North England 
North-west England 
North-east England 
West Mid lands 
East Mid lands 
Central Engl and 
East Ang l i a  
South-west England 
Southern England 
South-east England 
North Scot land 
South Scot land 
North and m id-Wales 
South Wales 
1 980s 1 990s surveyed 
0 . 1 06 0 . 1 1 2  1 70 
0. 1 8 1 0 . 1 67 72 
0 . 1 40 0 . 1 74 1 2 1 
0 .249 0.463 1 77 
0. 1 83 0 . 1 90 1 5 3 
0.242 0.286 9 1  
0.056 0.087 1 6 1 
0 .566 0.698 205 
0 .35 1 0 .374 1 3 1 
0 .340 0.390 1 59 
0.022 0.033 366 
0.072 0.072 208 
0 .238 0 .322 1 43 
0.4 1 2 0 .404 1 1 4  
+6 
-8 
+24 
+86 * 
+4 
+ 1 8 
+23 * 
+7 
+ 1 5 
0 
+35 
-2 
Table 3.1 - Estimated main sett densities in Britain for 1 988-1 997, based upon repeated surveys of 1 km 2 
squares, in studies commissioned by the Mammal Society and the People's Trust for Endangered Species. 
Data taken from Wilson et al. (1 997). 
The nu mber of squares surveyed i nd icates the number of 1 km2 squares re-su rveyed in  the two studies. 
Asterisks denote two regions where repeated su rveys of the same squares generated statist ical ly sign ificant 
d ifferences in estimated main sett density between the 1 980s and the 1 990s (Wilcoxon matched pa i rs test: 
West Mid lands, p<0.001 , South-west England, p<0.01 ) .  In none of the other regions is the d i fference 
statist ica l ly  sign ificant.  Dashes in the fi na l  col umn ind icate that sett densities were too low to give a 
mean ingfu l estimate. 
Studies of badger ecology in the British Isles 
3.3.4 Our knowledge of badger behaviou r, demography and popu lation structu re in 
the Br it ish Is les is based largely upon n i ne stud ies (see Table 3 .2 ) .  More i nformation has 
become ava i lable si nce the publ ication of the Dun net report (Dunnet et al. 1 986), but 
many of the data needed to answer cr i t ica l  q uest ions about the dynam ics of TB in 
badgers are sti l l  unavai lable .  This i s  a resu l t  of several factors. 
( i )  Few popu l at ions under study have been screened for M. bovis i nfection .  
( i i )  On ly  one (recent) study has  been i n it iated in  an  area where badgers have 
been su bjected to control (North N i b ley). 
( i i i )  Most stud ies concern h igh density popu lat ions.  
( iv) Sample sizes are sma l l ,  s ince study sites typica l l y  contain  1 0-20 study groups, 
and in a l l  cases on ly a proportion of groups susta ins  M. bovis i nfection .  
(v) B adger behaviour and demography varies su bstant ia l ly  between s i tes, 
making it d i fficu l t  to generate pred ictions about the effects of proposed 
management strategies. 
Park, 1 99 3 :8.8 1 99 3 :3 . 7  1 0 .3 adu l ts/km1 groups were 
Gloucestersh i re 1 993:  removed 
2 5 . 3  adults/km1 in 1 978-9 1 ,2,3,4 
Wytham Woods, 1 972-5, -6km1 1 6  40 5 . 72 2 .03 1 974 : 8.4 adu l ts u n known 
Oxfordshire 1982-3, & cubs/km1 
19 87 -present 1 989 : 
1 6 . 7  adu lts/km1 5,6 
Suburban Br istol 1 978-1 985 -8km1 1 5  5 1  2 . 6 1  1 .25 5 . 7  adul ts/km1 unknown urban habitat 
7,8 
Speyside, 1 97 7- 1 986 1 2km1 8 206 4.31  1 .8 1  2 . 2  adults u nknown 
lnverness-sh i re & cubs/km1 9, 1 0  
New Deer, 1 9 79 1 S km1 2 1 59 9 .5  6.0 adu lts u n known 
Aberdeensh i re (adu l ts & cubs) & cubs/km1 9, 1 0  
Ard n ish, 1 9 76-7 1 2 km1 2 1 73 3 . 5 2 . 1  adults unknown 
l nverness-sh i re (adul ts & cubs) & cubs/km1 9, 1 0  
South Downs, 1 983-1 995 6 .2km2 1 5  4 1  1 3 .5 adults/km> present i n  
East Sussex cattle 1 1  ' 1 2  
County Cork, 1 98 7  -present - 1 4km2 1 0  3 . 5  2 .5-3 adu l ts confirmed popu lation 
Republ ic of (adu lts & cubs) & cubs/km1 density is low 
I reland due to 
persecution 1 3 , 1 4  
North Nibley, 1 995-present - 1 8km2 22 -80 confirmed study of 
Gloucestersh ire perturbation 
fol lowing 
B R  Os 1 5 , 1 6  
Table 3.2 - Studies of badgers carried out i n  the British Isles. 
References: ( 1 )  Cheeseman et al. ( 1 987); (2) Cheeseman et al. ( 1 988b); (3) Cheeseman et al. ( 1 993); (4) Rogers et al. ( in  press); (5) Kruuk (1 978b); 
(6) Woodroffe ( 1 992) ;  (7) Harris and Cresswel l  ( 1 987);  (8) Cresswel l  and Harris ( 1 988); (9) Kruuk and Parish ( 1 982);  (1 0) Kru u k  ( 1 989); ( 1 1 )  
Roper et al. ( 1 993); ( 1 2 )  Roper and Li.ips ( 1 993); ( 1 3 ) Sleeman ( 1 992); ( 1 4) Sleeman and Mulcahy ( 1 993); ( 1 5 )  Tuyttens and Macdonald ( 1 995); ( 1 6) 
Tuyttens and Macdonald (1 997). 
Population density 
3.3.5 Badger densi ty is  determ i ned by the ava i l ab i l i ty of food and sett s i tes . Kru uk  
and  Parish ( 1 982) found that, across Scot land, badger popu lation density correlated with 
the b iomass of earthworms, badgers' pr incipal  prey (see below) . In  the Republ ic  of 
I re land, the dens i ty of badger soc ia l  grou ps corre lates with the avai lab i l ity of cattle 
pasture, badgers' preferred forag ing habitat (Smal 1 995) .  The d i str ibut ion of s i tes su i tab le 
for sett construction may a l so l im i t  badger numbers (Raper 1 993 ) .  Setts are dug ma in ly  
i n  wooded a reas and hedgerows, on wel l -dra i ned s loping ground .  Badgers are scarce i n  
parts o f  Brita in ,  such a s  the flat arable a reas o f  East Ang l ia ,  where there are few su i table 
sett s ites ( F igure 3 . 1 ; Tab le 3 . 1  ) .  
3.3.6 lt is u n l i ke ly  that badger popu lat ion dens ity is l i m ited by predators other than 
hu mans anywhere i n  their geographic range, or at any t ime i n  the i r  recent h i story. 
Larger predators are known to be important  in l i m it ing the numbers of other carn ivores 
(Po l i s  and Halt  1 992),  but badgers are relative ly immune to predation .  Thei r  teeth and 
jaws are unusua l ly  strong, and adu l ts have been reported to survive attack from up to 
n i ne dogs in the cou rse of i l l ega l badger 'ba it ing' ( Nea l and Cheeseman 1 996).  Badgers' 
characteristic colour pattern is  be l ieved to be a form of warn ing  coloration to deter 
predators (Orto lan i  and Caro 1 996) .  The size, depth and com plex ity of badger setts 
means that cubs are a l so re latively safe from predation .  
3.3.7 I ntensive stud ies show that badger population density i n  Eng land has  increased 
over the past 20 years. I n  Woodchester Park, density rose from 7.8 adu lts per km 2 in 1 978 
to 25 .3  adu lts per km2  in 1 993 .  In Wytham, density rose from 8.4 adu lts and cubs per km2 
i n  1 9 74 to 1 6 .7  adu lts per km2 i n  1 98 9  (Table 3 .2 ) .  Both popu lat ions are sti l l  i ncreas ing. 
3.3.8 The reasons for the i ncrease in badger numbers are unknown, but probably 
i nc l ude lower 'predation'  by humans as a resu l t  of stricter badger protection legis lat ion 
(paragraphs 1 .5 . 3 to 1 . 5 .6) .  Increased food ava i l ab i l ity due to changing agricu ltura l  
practice may a l so be a factor: for example, at Wytham the convers ion o f  arable land to 
pqsture was assoc iated with increased badger nu mbers (da Si l va et al. 1 993) .  
Feeding ecology 
3.3.9 Badgers forage mostly at n ight, ra rely  leav ing the sett before su nset, and 
retu rn ing before sunr ise (Neal and Cheeseman 1 996).  They feed l arge ly on i nvertebrates 
but a l so on fru it and cerea ls .  Earthworms represent the greatest part of their  d iet (Kruuk 
1 989;  Neal and Cheeseman 1 996).  Earthworms are most abundant under permanent 
pastu re, where there may be over 1 ,OOOkg of worms per hectare (Kru u k  1 978a). Badgers 
catch earthworms that come to the soi l  su rface to feed at n ight. Thei r  feed ing success is  
h ighest on short-grass pasture, wh ich they prefer to long grass (Kruuk et al .  1 9 79).  As a 
resu l t, badgers tend to forage where cattle grazi ng is most i ntense. 
G roup size and composition 
3.3.1 0 Al l badgers studied i n  Great Br i ta i n  l ive i n  soc ia l  groups of between two and 25 
an ima l s  which share a territory and one or more setts. Across study sites, group s ize 
increases with the b iomass of earthworms per territory (Kruuk and Parish 1 982 ) .  Despite 
such broad trends, it is d ifficu l t  to account for d ifferences i n  the s izes of particu lar groups: 
there is  no correlation between group size and territory size (Kru u k  and Parish 1 982),  
and the same terri tory may support between two and 21 badgers with i n  a s ix-yea r 
period (Cheeseman et al. 1 987) .  
Territorial behaviour and territory size 
3.3.1 1 I n  und istu rbed badger popu lations, each soc ia l  group defends a territory 
conta i n i ng one or more main  setts, and a nu mber of smal ler setts which are used on ly  
Woodchester 1 2 5 . 3  
Wytham 1 1 6 . 7 
Bristol 1 5 .7 
Speyside 2 . 2 *  
2 7 .0% 20.6% 2 3 . 1 % 
23.0-33.6 1 7. 1 -24.7 20.5-28.4 
24 .0% 24.5% 24.3% 
0.0-40.4 1 1 . 1 -38.8 5.6-39.3 
40.3% 28 . 1 %  3 4 . 5% 
24.7-54.2 1 8.9-38.2 30.4-38.4 
12-25% 
3 3 .9% 2 6 . 4% 30.2% 7.1  years 
30.2-45.9 21 . 1 -3 1 .6 26.2-38.3 
24 .3% 4 3 .6% 34 .2% 5 .7  years 
0.0-51 .3 1 2.4-83.4 6.7-66.8 
40.8% 4 2 . 1 %  4 1 .4% 5 . 0  years 
1 9 .3-60.5 22.7-59.4 23 .4-58.1 
Table 3.3 - Summary of demographic variables in the four best-studied British badger populations. 
a Calculated as proportion of marked an imals  that d isappear each year. 
1 2 7 . 7% 5 2 . 7% I 0 . 3 3  cubs I 0. 1 9 3  1 4 .7% 0% 1 1 , 2 , 3  
1 20.8% 71 .6% I 0 . 3 3  cubs I 0.094 1 6.6% 9.6% 1 4 ,5 
l a% 56.4% I 0.29 cubs I 0 . 1 54 1 27.7% 11.3% 1 6,2  
combined 38.6% · - 26. 1 %  0% 7 
b Th is  gives the mean l i fe expectancy from first capture as a cub; it is calcu lated as the reciprocal of per capita morta l i ty rates derived by fi tti ng exponential decay curves to 
the survivorsh ip  data presented in F igure 3 . 2 .  
c Calculated a s  the proportion o f  the population that are weaned cubs - t h i s  is not a birth rate a s  i t  ignores pre-capture mortal ity. 
d Calcu lated by subtract i ng per capita morta l i ty (the rec iprocal of l i fe expectancy) from per capita cub production. 
*Th is  figure refers to adu lts and cubs together. 
References: (1 ) Cheeseman et al. ( 1 987); (2) Cheeseman et al. ( 1 988); (3) Rogers et al. ( i n  press); (4) Woodroffe and Macdonald ( 1 995a); (5) Wood roffe and Macdonald 
( 1 995b); (6) Harris and Cresswe l l  ( 1 987); (7) K ruuk (1 989). 
sporad ica l l y. Territory size correl ates with l at itude with i n  Br ita i n :  in southern England 
territories may be as sma l l  as 1 4  hectares, but they average 206 hectares in the H ighlands 
of Scot land (Table 3 .2 ,  Wood roffe and Macdonald 1 993) .  Territory borders are marked 
with latrines, where badgers depos it u r ine  and faeces as wel l  as secret ions from various 
scent glands (Raper et al. 1 993) .  F ights may take place on territory borders (Kruuk  
1 989), and  badgers transgress them relatively ra re ly :  badgers rad io-tracked i n  Su ssex 
typ ica l ly spent more than 95% of their  active t ime i nside their  own group territories 
(Raper and Lups 1 993) .  
Ferti lity 
3.3 .1 2 The t im ing of reprod uction reflects seasonal  variation in food avai labi l ity. Cubs 
a re born at the end of the wi nter (usua l l y  m id-Februa ry) and weaned in early su m mer 
(usua l l y  May), becoming i ndependent a round the t ime that food is  most abundant. 
Females may conceive aga i n  soon after g iv ing b i rth, but the fert i l i sed eggs do not 
immediate ly  imp lant in the wa l l s  of the uterus (Can ivenc and Bon n i n  1 9 8 1  ). I n stead, 
they stop growing at an  ea rly stage of development and rema in  free in the uter ine horns 
u nt i l  they implant  the fol lowing wi nter. As a resu l t, conception may occur  at any t ime 
between February and November, even though a l l  of the cubs are born at rough ly  the 
same time (Cresswe l l  et a l. 1 99 2 ;  Neal and Harrison 1 958) .  
3.3 .1 3 The majority of  sexua l l y  matu re females conceive, but  the proportion of fema les 
that successfu l l y  produce cubs is considerably lower (Table 3 .3 ) .  Th is  d i screpancy has 
been attributed to fa i l u re of imp lantation (Cresswel l  et al. 1 992 ; Page et al. 1 994), and 
to h igh morta l i ty of new-bo rn cubs (Wandeler and Graf 1 982 ) .  The on ly  study to 
mon itor pregnancy i n  l ive fema les (by u l trasound scann i ng) found that imp lantat ion 
occu rred in 79% of adu l t  females, inc lud ing a l l  females aged three years or more, but 
that on ly  58% produced cubs (Woodroffe and Macdona ld 1 995b) .  
3.3. 1 4 The  n umber of  females that breed i n  a soc ia l  group appears to  reflect local food 
avai labi l ity. Fewer females breed i n  each group at h igher latitudes: in Scotland on ly  one 
female typica l l y  breeds per group, wh i le  in  southern England as many as five fema les 
may ra ise cubs successfu l l y  (Wood roffe and Macdonald 1 995b) .  With in the Wytham 
popu lat ion, more fema les breed i n  territories conta i n i ng la rge areas of pastu re (da S i lva 
et al. 1 993) .  A h i gher proportion of fema les ra ise cubs in sma l l  soc ia l  groups than i n  
la rger ones, i nd icat ing that female reproductive success is  dependent u pon loca l 
popu lation dens ity (Woodroffe and Macdo nald 1 995b). 
Mortality of weaned cubs 
3.3 . 1 5  Approxi mate ly  3 5 %  of weaned cubs die d u ring  their  fi rst year of l i fe ( F igu re 
3 .2 ,  Table 3 . 3) ,  but survival  varies between years. For examp le, in Wytham cub 
morta l ity ranged from 1 2% to 74% over a s ix-year period (Wood roffe 1 992)  and was 
lowest fol low ing wet summers, and i n  sma l l  grou ps occupying territories conta i n i ng 
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re lat ive ly large areas of permanent pastu re (Wood roffe 1 992 ) .  The effect of adu l t  group 
size ind icates that, l i ke female breed ing  status, cub morta l i ty is partly dependent upon  
loca l popu lat ion density. 
Adult mortality 
3.3.1 6 Death is  often d i fficu l t  to d i st ingu ish from em igration in badgers, si nce carcases 
are rare ly  found .  Nevertheless, the rate at which an ima l s  d i sappear from a popu lation 
gives an  approxi mation of the morta l i ty rate. Esti mates of mortal ity rates are ava i l ab le 
for four stud y  popu lat ions (Table 3 .3 ) ,  and survivorsh ip  cu rves can be constructed for 
three (F i gure 3 .2 ) .  
3.3.1 7 Between popu lations, annua l  adu l t  morta l i ty varies from 2 3 . 1 % in Woodchester 
to 34.5% i n  Br istol (Table 3 . 3 ) .  I n ter-annua l  variat ion in adu l t  morta l ity is  lower than 
that for cubs (e.g. 30% to 38% for adu l ts i n  Br isto l ,  compared with 20% to 65% for 
cubs over the same period ( Harr is and Cresswel l  1 9 87) ) .  
Rates of population recovery 
3.3. 1 8 B i rth and death rates can be used to make rough pred ict ions about the ti me 
badger popu lations w i l l  take to recover from perturbat ions such as badger removal 
operations (Anderson and Trewhel la  1 9 85) .  Recovery ti me is  ca lcu lated as the 
rec iprocal of the popu lation's intr ins ic growth rate (May 1 9 73 ) .  Esti mates of popu lat ion 
growth rates are given i n  Table 3 . 3 .  Using these data, recovery t i mes a re est imated as 
5 . 2  years for Woodchester, 6.5 years for Wytham, and 1 0 .6  years for Br isto l .  These 
esti mates compare we l l  with the f ind ing that populat ion dens ity wi th i n  the Woodchester 
removal area returned to its pre-remova l level after ten years of no cu l l ing (Cheeseman 
et al .  1 993) .  Recovery ti mes are greater for larger-scale remova ls :  i n  the 1 04km2 removal 
area at Thornbu ry, about ha l f  of the setts rema i ned u noccup ied 1 1  years after the 
cessation of badger control (C i ifton-Hadley et al. 1 995b) .  
Immigration and emigration 
3.3.1 9 Very few badgers leave the soc ia l  grou ps i nto wh ich  they are born . In Wytham, 
82% of ma les and 78% of females that su rvived to sexua l  matu rity were sti l l  in  their  
natal groups by the age of fou r  years (Woodroffe et a l. 1 995 ) .  Badgers that leave their  
natal  territories typical ly jo in  neighbouring  groups, and seldom move more than 1 to 2 km 
(Cheeseman et al. 1 988a; Wood roffe et a l. 1 995 ) .  
3.3.20 Across popu lations, the rate of  ma le  d i spersal dec l i nes as  popu lation density 
increases, but there is no such re lat ionsh i p  for fema les (Wood roffe et a l. 1 995 ) .  Females 
a re less l i ke ly than ma les to change groups i n  Woodchester, B r istol and Speys ide but, in  
Wytham, fema les d isperse at a h igher rate, and over longer d i stances, than do males 
(Cheeseman et al.  1 988a; Kruuk  and Parish 1 98 7 ;  Wood roffe et al. 1 995 ) .  There, 
d i spersing females move i n  coa l i t ions of two or th ree rel ated a n i mals ,  and may oust 
resident females from a l l  or part of their territories (Woodroffe et al. 1 995 ) .  New 
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Figure 3.2 - Survivorship curves following first capture as a cub for badgers in 
(a) Woodchester, (b) Wytham, (c) Bristol. 
Smooth cu rves are exponential decay curves fitted to the data to a l low est i mation of per capita annual  
mortality rates which are: Woodchester - 0. 1 41 ; Wytham - 0 . 1 74; Bristol - 0 . 1 99. 
Sources: Woodchester data - Cheeseman et al .  ( 1 987);  Wytham data - Woodroffe (unpubl ished) ;  
Br istol data - Harris and Cresswel l  ( 1 987) .  
ana lyses suggest that d i spersal coa l i t ions a l so occur  i n  Woodchester ( L .M .  Rogers and 
C . L .  Cheeseman,  personal com mun icat ion) .  
3.3.21 Both males and females a l so make temporary movements between territories. 
In Woodchester, B r isto l ,  Sussex and Wytham badgers of both sexes were occasiona l l y  
captu red or located by  rad io-te lemetry in t he  territories o f  neighbour ing socia l  grou ps 
(Cheeseman et al. 1 988a; Raper and Lups 1 993 ;  Wood roffe et al. 1 995) .  In Cou nty 
Cork, where popu lat ion density has been depressed by persecut ion, badgers have been 
rad io-tracked on exc u rsions that took them as far as 7 . 5km from the i r  home setts 
(S ieeman 1 992 ) .  The reasons for such extra-terr itoria l  forays are not a lways c lear, but 
c i rcumstant ia l  evidence suggests that many are attempts to mate with members of other 
soc ia l  groups (Wood roffe et al. 1 995) .  In both Wytham and Woodchester a proport ion 
of cubs a re s i red by ma les from outs ide the soc ia l  group in which they are born (da 
S i lva et al .  1 994; Evans  et al. 1 989) .  
3.4 TB with in badger popu lations 
Pathogenesis of TB in badgers 
3.4.1 As in other species, TB is not necessa r i ly  or immediate ly  fatal fo r badgers 
(Ga l l agher et a l. unpubl ished data ; Morris et al. 1 994) .  Whi le  in  some an ima l s  d i sease 
takes a rapid cou rse, survival for up to 709 days has been recorded i n  Woodchester 
(Ci ifton-Had ley et al. 1 993) ,  and a captive badger su rvived for 3 1/2 years wh i le excret ing 
M. bovis ( L i tt le et al .  1 982) .  I n  Woodchester, of 47 tubercu lous badgers that d ied, on ly 
1 9  actua l l y  d ied of TB (Ci ifton-Had ley et al .  1 993 ), and TB accou nts for j u st 7% of total 
recorded badger morta l i ty (F igure 3 . 3 ,  Rogers et al. in press). 
RTA 
66.5% ( 1 3 2 )  
K i l led 
9% ( 1 8) 
Euthanasia 
2% (4) 
TB 
7% ( 1 4) 
Other 2% (4) 
U n known 
6.5% ( 1 3) 
Starvation 
7% (1 4) 
Figure 3 .3 - Causes of death in badgers from 21  social groups in Woodchester Park from 1 978 to 1 993. 
Source: Rogers et al. ( in  press). Copyright of the Zoological Society of London .  
3.4.2 it is l i kely that most tubercu lous badgers become i nfected v ia  the respi ratory 
route, s i nce the majority of lesions occur  in the l u ngs or associated lymph nodes 
(Ci ifton-Had ley et al. 1 993 ;  Nolan and Wilesm ith 1 994). In a sma l l  proportion of cases 
there is  widespread i nvo lvement of the lu ngs and i n  many of these a n i ma l s  i nfection 
enters the c i rcu latory system and spreads to other organs (haematogenous spread) .  I n  
such cases the k idneys are common l y  affected (Nolan a n d  Wi lesmith 1 994) . 
3.4.3 Badgers may a l so acqu i re M. bovis i n fection via b ite wounds.  M. bovis can be 
cu l tured from swabs taken from the teeth of infected an ima l s  (J . Ga l l agher, personal 
commun ication) . F i ve of 47  badgers i n  which tubercu lous lesions were detected at post­
mortem showed evidence of having become infected through bite wounds (Ci i fton-Had ley 
et al. 1 993) .  Haematogenous spread from bite wound infections may cause lesions in other 
organs. Such infections appear to be more severe than those acq u i red via the resp i ratory 
route :  on average badgers i nfected via b ite wou nds su rvived 1 1 7  days (95% confidence 
l i m its: 0 and 2 76) after fi rst d i agnosis, compared with 491 days (95% confidence l i m its : 
309 and 673)  for badgers i nfected by other routes (Ci i fton-Had ley et al. 1 993) .  
3.4.4 There is evidence that cubs develop lesions more read i l y  than do adu l ts, but 
the lesions are less severe (Nolan and Wi lesmith 1 994) .  Sero logical data suggest that 
cubs may be exposed to M. bovis early in l i fe : 1 0  out of 1 6  cu lture-negative badgers in  
a s ing le  group at Woodchester were briefly seropos itive as cubs, suggesting that they 
m ight have acq u i red immun i ty to TB (Newel I et al. 1 997) .  
3.4.5 Up to 85% of badger carcases shown by cu lture to be in fected with M. bovis 
have no v is ib le lesions at post-mortem : more deta i l ed study, however, has shown that 
the majority of these have very sma l l  ( less than 1 mm d iameter) l ung lesions (Ga l l agher 
et a l. unpub l i shed data). Many of these lesions appear to have hea led and conta i n  few 
or no bacter ia.  These f indi ngs ind icate that badgers can acqu i re latent in fection, which 
may resolve or be reactivated i n  later l i fe. They a l so suggest that addit ional  an imals  with 
l atent in fection m ight be present among those that are cu ltu re-negative on post-mortem 
exami nat ion .  
3.4.6 Animals  with extensive lesions in  the l u ngs and kidneys shed la rge numbers of 
M. bovis in the sputu m and u ri ne (up to 3 00, 000 organ i sms/m ! u rine (MAF F  1 979)) ,  
wh i l e those with focal  l ung lesions excrete smal ler numbers of organ isms more 
i nterm ittently. M. bovis i s  a l so present in the faeces of heavi ly infected an imal s, as a 
resu l t  of swal lowing sputu m, although the concentration is much lower than in sputu m 
or u r ine (MAFF 1 9 79) .  In Woodchester, where infection is detected in around 3% of 
badgers, cu l ture of samples obta i ned from 7, 1 5 7 badger captu res over a 2 1 -year period 
detected excretion of M. bovis from the resp i ratory tract on 97 occasions ( 1 .5%), and i n  
u ri ne on 3 7  occasions (0.5%).  M .  bovis can a l so be shed in  large numbers (up to 
200,000 organi sms/m ! (MAFF 1 9 79))  in pus from i nfected b i te wounds. 
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Site 
Cornwal l  
Avon 
Gloucestershire 1 1  
Staffordsh i re 
Total 
Characteristics of infected and uninfected badgers 
3.4.7 There is no evidence to suggest that M. bovis i n fection is espec ia l ly prevalent i n  
any part icu lar  age-sex c lass: there a re no stati stica l l y  s ign ificant d i fferences i n  
preva lence between males and  fema les, adu lts o r  cubs (see Table 3 .4) .  
Year Density 
(adults/ 
km1) 
- ·  
1 978 4.7 
1 979 4.9 
1 979 1 9 .4 
1 982 6.2 
Prevalence of M. bovis infection detected at post-mortem (sample size) 
Adults Cubs Total Groups 
males females 
6 7% ( 1 5) 9 1 % (1 1 )  
38.5% ( 1 3) 28 .6% (7) 
1 1 . 1 % (9) 6.3% ( 1 6) 
20% ( 1 0) 3 1 .6% (1 9) 
1 8.8% (1 6) 25% ( 1 6) 
1 9 .0% (63) 20.3% (69) 
males females 
0% (2) 0% ( 1 ) 
20% (5) 50% (4) 
30.8% ( 1 3) 1 00% (2) 
20% (5) 75% (4) 
0% (4) 1 1 . 1 % (9)  
20.7% (29) 40% (20) 
-. 
34.5% (29) 3 3 .3% (6) 
20% (40) 42.9% ( 7) 
3 1 .6% (38) 80% (5) 
1 7 .8% (45) 60% (5) 
2 2 . 1 % ( 1 8 1 ) 48.3% (29) 
Refer­
ences 
2 
Table 3.4 - Prevalence of M. bovis infection in badger individuals and social groups killed in the course of badger removal operations. 
Sources: (1 ) Cheeseman et al. ( 1  981 ) ; (2) Cheeseman et al. ( 1  985).  
Relationship  between infection and badger density 
3.4.8 Data are not ava i l able at the appropriate spatial scale to determine whether TB is 
more preva lent in  h igh-density badger popu lat ions. I n  Woodchester, M. bovis i nfection 
i s  no more common i n  large or  sma l l  groups, and changes i n  TB preva lence do not 
reflect variation i n  group size (Cheeseman et al. 1 988b) .  However, the sma l l  sample size 
provides low stat ist ical  power for the detection of effects. The recent i ncrease in badger 
density in areas where TB is  endem ic means that the number, and poss ib ly the 
proportion, of infected badgers has probably risen in these areas, increasing  the 
l i ke l i hood of transmission to catt le.  
Distribution across groups 
3.4.9 I nfect ions of M. bovis are usua l l y  h igh ly  loca l i sed with i n  badger popu l at ions.  I n  
every populat ion wh ich  has  been stud ied ,  some soc ia l  groups show no s ign  of infection 
with M. bovis, even though their  territories abut those of i n fected grou ps (F igure 3 .4, 
Cheeseman et al. 1 9 8 1 ; Cheeseman et a l. 1 985 ;  Cheesem an et al. 1 988b). Data from 
five badger removal operations are summarised i n  Table 3 .4, a l l  carried out before the 
in troduction of the c lean ring strategy. Of the 29 comp lete soc ia l  groups removed, on ly  
1 4  (48 .3%) conta i ned badgers shown by cu lture to be i nfected with  M. bovis on post­
mortem exam i nation . At the s i te i n  Cornwal l ,  the territory of a group i n  which a l l  
members were found to be infected shared borders with those o f  fou r  other grou ps, 
three of which conta ined no infected badgers (Cheeseman et al. 1 98 1  ). 
3.4. 1 0 Stud ies at Woodchester Park show a s im i lar  pattern . A relative ly  sma l l  proportion 
of the und istu rbed groups u nder study have sustai ned infection over several years 
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Figure 3.4 - The frequency with which M. bovis infection has been identified (by HISA or culture) over the 
period 1 981  to 1 995 in 22 undisturbed social groups of badgers at Woodchester Park. 
Source: C L .  Cheeseman, personal com m u n ication. 
(F igu re 3 .4), and a l l  of these occupy territories in the south-west corner of the study site 
(F igu re 3 . 5 ) .  Sporadic in fection has occu rred i n  the other groups, but on ly  once has 
persi stent i n fection become establ ished in a new territory in the cou rse of the study. The 
interm ittent i n fection noted at Woodc hester Park cou l d  resu l t  from infection dyi ng out 
and then be ing rei ntroduced by spread between soc ia l  groups. An alternative explanation 
is  that in fection is  cont inua l ly  present, but not a lways detectable given the l i m itations of 
the methods used to detect in fect ion,  part icu lar ly  in l ive an ima l s  (see paragraphs 6 . 3 .24 
to 6 .3 .26) .  Whatever the explanat ion, the sum of ava i lable evidence ind icates that 
in fection with M. bovis remains  h igh ly  loca l i sed i n  und i stu rbed badger popu lat ions. 
TB transmission within badger groups 
3.4. 1 1  The concentrat ion of M. bovis i n fection with i n  part icu lar  territories provides 
c i rcumstant ia l  evidence that most transm ission occurs between members of the same 
soc ia l  group, rather than between d i fferent grou ps. There are, however, rather few data 
on the mechan isms of transmiss ion between badgers . Most badgers acq u i re M. bovis 
i n fection v ia  the respi ratory tract (see above) .  Transmiss ion probably occu rs ma in ly  
wi th i n  the  sett, wh ich  prov ides ideal cond it ions for the  spread of  i n fect ion.  Badgers' 
habit of s leeping together in the same chamber (Raper and Chr ist ian 1 992)  cou ld 
prov ide protracted and repeated contact between i n fectious and suscepti ble group 
members. Transmiss ion from mothers to  cubs is  espec ia l l y  l i kely, and m ight represent an  
important route for M. bovis transmiss ion . 
3.4. 1 2  Badgers a l so acq u i re in fection by b ite-wound ing. However, patterns of 
aggress ion are poorly u nderstood, and the role of bite-wound i ng i n  transmiss ion with i n  
soc ia l  groups is  u nclear. 
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Figure 3.5 - Maps of badger territories in the Woodchester study site, showing where evidence of M. bovis 
infection was found over a five-year period. 
Source: Cheeseman et al. ( 1 988b). Copyright of B lackwel l  Scientific Ltd, Oxford . 
3.4.1 3 Setts themselves may harbour  in fection with M. bovis for short periods. The 
environ menta l  cond it ions in side badger setts (1 00% hum id ity, constant temperature and 
complete darkness (Raper 1 992)) are l i kely to a l low surviva l of  the bacteri um.  However, 
on ly  l i m i ted data are avai lab le on th i s .  Setts appear not to rema in  infectious for more 
than a few weeks. Experi menta l stud ies that kept natu ra l l y  infected faeces in a d i sused 
badger sett found that M. bovis cou ld be recovered after one week, but not after one 
month (MAFF 1 979) .  Excavation of setts known to have been i nhabited by i n fected 
badgers found that M. bovis cou ld be recovered seven d ays after badger removal (one 
sett), but not after three to six months (three setts (MAFF 1 979)) .  Fol lowing remova ls  at 
Woodchester Park a few imm igrant badgers occupied the vacated setts with i n  days 
(C.L .  Cheeseman, personal commun ication), but the fi rst cases of TB in badgers were not 
recorded u nti l  ten years later (Cheeseman et al. 1 993) .  This suggests that infection from 
the sett was not invo lved i n  the re-estab l i shment of infect ion i n  th is part of Woodchester. 
TB transmission between badger groups 
3.4. 1 4  Transm ission between soc ia l  groups appears to occur infrequently i n  und i stu rbed 
badger popu lations. In theory, in ter-group transm ission cou ld occ u r  i n  a number of 
ways. F i rst, temporary forays across territory borders cou ld prov ide an opportun i ty for 
transmission between members of neighbour ing soc ia l  groups, either by i n ha lat ion or 
bi te-wound ing. Alternatively, TB m ight be ca rried between socia l  groups by d ispers ing 
an ima ls .  D i fferences i n  imm igrat ion and emigration behaviour between popu lat ions 
may therefore have impl icat ions for the transm iss ion of M. bovis. 
3.4.1 5 If mother-to-cub transmission represents a princ ipal route of infect ion, movement 
of breed ing  females between groups cou ld be cruc ia l  to the establ ishment of in fection 
in a new territory. 
3.4.1 6 F ina l ly, 'nomad ic' badgers, wh ich  wander over re lative ly large a reas, us ing 
several setts and the home ranges of several groups, could a l so be important i n  the 
transm iss ion of TB between groups .  Cheeseman et a l. ( 1 988a) recorded fou r  cases of 
such 'nomadic' behaviou r in an ima l s  severel y  debi l i tated d ur ing the f ina l  stages of 
c l i n ical TB .  At least one of these a n i ma l s  had been bitten repeated ly, and appeared to 
have acqu i red infection via a b ite wou nd (Cheeseman and Mal l i nson 1 98 1  ) .  
3.5 What conditions are l ikely to faci l itate TB 
transmission from badgers to cattle? 
3.5 . 1  Although there is  strong c i rcu mstant ia l  evidence that TB is  transmitted from 
badgers to catt le (see Chapter 2 ) ,  the exact route of transmiss ion rema ins  u ncerta i n .  
Neverthe less, informed pred ict ions can be made about the c i rcumstances l i ke ly to 
fac i l i tate badger to cattle transmiss ion.  D i rect contact between cattle and l ive badgers is  
u ncommon. Si nce most cattle apparently become infected via the respi ratory route 
(paragraph 6. 2 . 1  ) ,  in ha lation or ingestion of bacteria from badger ur i ne, faeces, sputum 
or pus deposited i n  their  shared environment represents the most l i ke ly  route of 
transmiss ion.  The probabi l ity of transmission wi l l  be determ i ned by how many bacter ia 
are shed i nto the environ ment, how long they survive, and whether catt le are l i ke ly to 
come i nto contact with them. 
Numbers of bacteria excreted into the environment 
3.5.2 Catt le wi l l  be more l i ke ly  to contact M. bovis if more bacteria are present  in the 
environment. Thus, the inc idence of TB in catt le is  l i ke ly to be h igh where the dens ity 
of in fected badgers is h igh, either because badger density is h igh,  or because TB 
prevalence is  h igh .  The rate of  excretion of  bacteria a l so varies between badgers, and 
over t ime in the same badger (see above).  The pathogenesis of TB may be partl y stress­
related in badgers, and it is poss ib le that stress inf luences excretion of M. bovis 
(Gal lagher et a l., un publ ished data) . Woodroffe and Macdonald ( 1 995a) fou nd evidence 
that, among males, dom inant breed ing status leads to depressed whi te blood cel l 
counts .  Thus behavioural and eco logical stressors such as breed ing status, l actat ion, or 
low food ava i lab i l ity due to d ry weather or h igh badger popu lation dens ity, might a l l  in 
turn affect the exposure of cattle to M. bovis (Gal lagher et al . ,  unpub l i shed data) . 
Survival of bacteria in the shared environment 
3.5.3 M. bovis is a rel atively  res istant bacteri u m .  Surv iva l  t i mes vary considerably, 
but are longest at h igh rel ative hum id it ies and under dark condit ions.  Suspension i n  
badger u r ine appears to increase the resi stance o f  the bacter ium to u ltra-v io let rad iat ion 
(E.  K i ng, u npubl ished data). M. bovis su rv ived for three days on pastu re in summer and 
28 days in wi nter when su spended in badger u ri ne, for seven and 70 days respectively 
i n  bronch ia l  pus, and for 1 4  and 28 days in faeces (MAFF 1 9 79) .  Thus, weather 
cond itions probably affect the exposu re of catt le to v iable bacter ia on pasture, a l though 
there are no detai led data concern ing  the extent to which this var ies.  Su rvival wou ld 
probably be longer i n  shaded condit ions i nside farm bu i l d ings and badger setts. 
How and where might cattle contact bacteria? 
3.5.4 The probab i l i ty of catt le contact ing M. bovis bacteria exc reted by badgers 
depends upon the behaviour of both spec ies. Badgers in  the fi na l  stages of TB appear to 
enter farm bu i l d ings more often than do un i nfected badgers (Cheeseman and Mal l i nson 
1 98 1 ) .  Such behav iour has not been thorough ly  i nvestigated, but the h igh rate of 
M. bovis excretion by such a n i ma l s, and their  c lose contact with cattle, may increase 
the l i ke l i hood of TB tran smiss ion . 
3.5.5 Cattle may contact badger excreta e l sewhere in thei r  shared environment. Badgers 
are known to use water and feed troughs set out for catt le, and to v is it m i neral l i cks 
(C . L .  Cheeseman, persona l  commun ication) .  However, the major route of transmission 
is  l i ke ly to involve catt le i nha l i ng  or ingest ing bacteria exc reted by badgers d i rectly onto 
pastu re. Most catt le refuse to eat grass treated with badger exc reta, but they wi l l  spend 
re lat ive ly  long periods investigating it (Benham and Broom 1 99 1  ) .  G iven that i nhalation 
represents a major route of in fection for catt le,  and si nce cattle smel l by fi rst exha l i ng 
strongly, thus creat ing an aeroso l ,  i t  has been suggested that s imp ly i nvestigati ng 
infected badger exc reta m ight be suffic ient to lead to i nha lation of the bacteria .  
3.5.6 Cattle prefer to graze field edges, wh ich a re a l so favoured scent-marking s i tes 
for badgers and l i ke ly to be conta m i nated with u r ine and faeces (H utch i ngs and Harris 
1 997 ;  White et al. 1 993 ) .  They become more w i l l i ng  to graze contaminated pasture 
when swards are short and graz ing pressu re is  h igh (Benham and B room 1 99 1 ; 
H utch i ngs and Harris 1 997 ) .  Short swards are a l so idea l foraging habitat for badgers (see 
above), so that contam i nation with badger excreta may be greatest in the environment 
where catt le are a l so least l i ke ly  to avoid them . 
3.5.7 Badger scent-marking behav iour varies with popu lation density (see below) : 
a greater propo rtion of u r ine and faeces are depos ited away from latri nes i n  low-density 
popu lat ions. As a resu lt the contact rate between cattle and badger excreta may not be 
su bstanti a l l y  lower in areas where badger popu lat ion density has been reduced 
(M.R.  H utch i ngs and S. Harr is ,  unpub l i shed d ata) . 
3.6 Effects of badger management strategies upon 
badger populations and behaviour 
3.6.1 Si nce 1 9 73 ,  MAFF  has adopted a number of strateg ies to attempt to reduce the 
transm ission of M. bovis from badgers to cattle (see section 1 .4) .  All of the strateg ies 
have involved some form of cu l l i ng, and a l l  have been crit ic ised, to vary ing degrees, for 
be ing  ineffective or i nh umane.  Cha pter 5 deals with the effects of these cu l l ing 
strateg ies on TB in cattle and badgers. In  th i s  section we spec u l ate on the l i ke ly  general 
effects of these strateg ies upon badger popu lat ions .  
Large scale effects on badger numbers 
3.6.2 None of MAFF's badger control operations has represented a serious th reat to 
overa l l  badger nu mbers. For example, the morta l ity cau sed by badger removal operations 
is  substantia l l y  lower than that caused by road accidents. The seven cou nties of the 
South-West Region contai n  an est imated 80,000 badgers, and natural mortal ity is  25% to 
35% (Table 3 .3 ) ;  thus a round 20-28 ,000 badgers probab ly  d ie each year i n  th i s  reg ion.  
In 1 986-9, MAFF k i l led an  average of 732 (range 7 1 3-75 1 ) badgers per year i n  South­
West England, w h i le the carcases of 1 ,044 (range 1 ,022-1  ,054) badgers k i l led i n  road 
acc idents were submitted annua l ly  by the publ ic  in the same area. 
3.6.3 When badgers have been systematica l l y  removed from re latively large areas such 
as Thorn bury (about 1 04km 2), reco lon isation has begun as soon as control was ha l ted, 
al though i t  can take many years for the popu lations to recover fu l ly (see paragraph 3 . 3 . 1 8) .  
Smal le r-scale badger removal operations carr ied out under the gassi ng, c lean r ing and 
i nter im strategies can be expected to have proport iona l ly smal ler effects u pon overa l l  
badger numbers. 
Concerns about badger welfare 
3.6.4 Gassing of setts with hydrogen cyanide was ha l ted in 1 9 82 after stud ies by the 
Chemical  Defence Estab l i sh ment reached the conc l usion that th is  was i n hu mane. 
Thereafter, badgers were captu red i n  cage traps and shot. it i s  u n l i ke ly  that cage 
trapping i nvo lves serious stress or sufferi ng, si nce badgers usua l ly  rema in  ca lm in side 
traps. An ima ls  trapped and released by researchers wi l l  often enter traps aga i n  on the 
same or su bsequent days, suggest ing that any stress imposed by captu re is  not great 
enough to make badgers choose to avoid traps. 
3.6.5 Cubs that have not yet emerged above ground can not be caught by l i ve-
trapping.  Both the c lean ring and inter im strateg ies therefore re leased lactat ing fema les 
to avo id leaving young cubs to d ie in the sett. If mother to cub transmiss ion is  an 
im portant part of TB dynam ics, th is strategy might serious ly compromise attempts to 
contro l TB i n  the badger popu lation, lead i ng to the need to cu l l  sti l l  more badgers . We 
consider, therefore, that i n  the i nterests of both badgers and catt le, it wou l d  be desirable 
to treat lactati ng fema les in the same way as other categories of badgers . 
Effects on dispersal behaviour 
3.6.6 Removing badgers from an establ ished population is  l i kely to affect the behaviour 
of the remai n i ng an ima ls, and these changes may i nfluence the transm ission of M. bovis 
between badgers or from badgers to catt le. I n  und i stu rbed popu lations, the rate at which 
male badgers d isperse between soc ia l  groups is  h ighest at low density (Woodroffe et al. 
1 995) .  Reduc ing popu lation density through badger control may therefore lead to more 
frequent d i spersa l ,  increasi ng the rate at which M. bovis is transm itted between groups. 
Such pertu rbation might have an im portant effect upon the spat ia l  dynam ics of M. bovis 
i n fection,  and u pon strateg ies for TB control (Swi nton et a l. 1 997 ) .  However, the effects 
of pertu rbation on TB transmission have not been quantif ied. The study i n iti ated at 
North N i bley (Table 3 .2) may help to measure these effects i n  the future. 
3.6.7 The effect of badger removal on transmission is  l i ke ly to be greatest when 
soc ia l  groups are d i srupted rather than removed ent ire ly. Studies of d i spersal behav iou r 
(see above) suggest that i f  a badger remova l operation reduced a group to members of a 
si ngle sex, for example, the remai n i ng an ima l s  mi ght leave the territory, or others might 
move in from el sewhere to re-form a breed ing group. Movement of an ima l s  between 
territories, and the resu ltant fight ing over breed ing  pos it ions, are both I i kely to increase 
the transmission of M. bovis between members of d i fferent soc ia l  groups. 
3.6.8 Total removal of several soc ia l  groups seems to have l i tt le effect u pon the 
behav iour of badgers in neighbour ing territories. Only a few an ima ls  moved i nto the 
part of the Woodchester study s i te that had been com plete l y  c leared of badgers, and the 
popu lation was re-establ ished through the breed i ng of these founders (Cheeseman et al. 
1 993 ) .  Thus, pertu rbation is  l i kely to be l e_ss i mportant when badger remova l operations 
have a h igh trapping success, and are carried out over l a rger a reas. 
Effects on territorial behaviour 
3.6.9 Territor ia l ity breaks down in badger popu lat ions that are h igh ly  d i stu rbed . 
Badgers reco lon is ing c lea red areas do not i n it ia l ly defend territories : in the remova l a rea 
at Woodchester, two rad io-co l l a red an ima l s  had l a rge ranges and used setts that had 
belonged to several d i fferent soc ia l  groups prior to the badger remova l operations 
(Cheeseman et al.  1 993 ) .  No d iv is ion of the area i nto territories cou ld be d i scerned in 
the fi rst few years after the remova l ,  but as popu l ation density rose, territories were re­
establ ished (Cheeseman et al. 1 993 ) .  
3.6. 1 0 A s im i l a r  pattern emerges from a study of  badgers in Cou nty Cork (S ieeman and 
Mu lcahy 1 993) .  This popu lation was severe ly depressed by persecution, and the study 
area conta ined severa l main setts which were unoccup ied . Large soc ia l  groups defended 
wel l -defi ned territories, but smal ler groups' ranges were more unstable and someti mes 
overlapped considerably (S ieeman 1 99 2 ;  S leeman and Mulcahy 1 993 ) .  Territory borders 
were a l so poorly-defi ned in the rather unstab le badger popu lation in suburban B risto l 
(Cresswel l  and Harr is 1 988) .  
3.6. 1 1  Loca l i sed d isruption of badger popu lat ions can lead to smal l-scale changes in  
territoria l  behaviour. Loss of  a l l  ma le  members of  a s ingle soc ia l  group in  the Sussex 
study site led to the d i sruption of territoria l  borders of three contiguous territories 
(Raper and L u ps 1 993 ) .  
Effects o n  scent-marking behaviour 
3.6. 1 2 The scent-mark ing behaviour of badgers in popu lat ions depressed by badger 
removal d i ffers from that in und isturbed popu lat ions. Badgers in und istu rbed popu lations 
tend to defaecate and uri nate mostly in  latrines. However, where density is low, most faeces 
and u ri ne are depos ited on pastu re away from l atri nes : at Thornbury 96% of u r inations 
and 84% of defaecations were away from latri nes, compared with 38% and 0% 
respective ly  at Woodchester Park (M. R .  H utch i ngs and S .  Harris, unpub l i shed data) . Th is  
d i fference cou ld increase the contact between catt le and badger exc reta, making i t  more 
l i ke ly  that an i nfected badger m ight transmit  M. bovis to catt le us ing the same pastu re. 
3.7  Conclusions 
3.7.1  Badger dens ity appears to have i ncreased in  parts of  Brita in  in  the past ten 
years. Both badger density, and the preva lence of M. bovis i nfection in badgers, are 
h ighest in South-West England.  In Woodchester Park, at least, TB prevalence has 
remai ned roughly constant as popu lation dens ity has increased . Thus, the number, and 
poss ib ly  the proport ion,  of badgers in fected with M. bovis i n  B ri ta i n  has probably r isen 
over the past decade (paragraphs 3 . 3 . 2 , 3 . 3 . 3 ,  3 .3 .5 to  3 . 3 . 8 and 3 .4 .8 ) .  
3.7.2 TB infection can be h igh ly  loca l i sed with i n  in fected badger popu lat ions.  
Transmiss ion seems to occur  more frequent ly with i n ,  rather than between, soc ia l  groups.  
U n i n fected soc ia �  grou ps can occupy territories adjo i n i ng those of groups with h igh TB 
prevalence (pa ragraphs 3 .4.9 to 3 .4 . 1 6 ) .  
3.7.3  Transmiss ion of  M. bovis from badgers to cattle wou ld  be most l i ke ly to occur  
when infected badgers deposit sputu m,  ur ine, faeces or  pus conta i n ing  bacter ia i nto the 
environment which they share with catt le .  Depending on weather condit ions, bacteria 
may survive for days or weeks on  pastu re . Badgers prefer to forage on short-grass 
pastu re, where catt le a re a l so less l i ke ly  to avoid grass contam i nated by badger u rine  
and faeces (section 3 .5 ) .  
3.7.4 Badger removal operations are not a th reat to overa l l  badger n u mbers. Over 
the l ast decade badger removal operat ions have k i l led substant ia l l y  fewer badgers 
wi th i n  B rita i n  than road accidents, and est imates of badger density in South-West 
England a re now higher than i n  the 1 980s despite badger control by MAFF. Local 
badger popu lations are l i kely to recover from smal l -sca le badger remova ls  with i n  five 
to ten years, with s lower recoveries for more extens ive remova ls  (paragraphs 3 .3 . 1 8 ,  
3 .6 .2  and 3 .6 .3 ) .  
3.7.5 Sma l l -sca le badger remova ls, such  as  those carried out  u nder the  i nteri m 
strategy, may not su bstantia l l y  red uce contact between catt le and i n fected badgers 
because part ia l  removal of soc ia l  groups cau ses d isruptions in territor ia l  and d i spersal 
behaviour. Altered territor ia l  behaviour may i ncrease the risk of transm iss ion to catt le, 
si nce uri ne and faeces are deposited d i rectl y  onto pasture rather than being concentrated 
i n  latri nes on territory borders. F u rthermore, changes in d i spersal behav iour  m ight l ead 
to spread of the d i sease among the rema in i ng badgers (paragraphs 3 .6 .6  to 3 . 6 . 1 2 ) .  
3.7.6 it i s  i n  the in terests of both badgers and cattle for any cu l l ing strategy that  a i ms 
to remove infected badgers to treat lactat ing females in the same way as other categories 
of badgers (paragraph 3 . 6 .5 ) .  

Ch apte r 4 
a A confirmed breakdown is 
one where the disease has been 
confirmed in one or more 
reactor animals at post-mortem 
or through laboratory culture. 
b Unconfirmed breakdowns are 
ones where post-mortem or 
culture does not confirm the 
disease in the reactors. 
c Detai ls of confirmed herd 
breakdowns were not available 
for this period. Nor were 
comparable data available for 
Scotland. 
4 Spatial and temporal trends in 
Mycobacterium bovis infection in cattle 
and badgers 
4.1 I ntroduction 
4.1 . 1  Th i s  ch apter assesses the d ata on spat ia l  and  temporal patterns o f  M .  bovis 
i nfection in catt le herds and between badger popu lat ions in E ngland and Wales. I n  
section 4 .2 ,  spatiotemporal patterns o f  herd breakdowns are descr ibed for the period 1 987 
to the present. I n  sect ion 4 .3 ,  the pattern of  M. bovis i n fection i n  badgers is  described 
for the period 1 972 onwards us i ng the resu lts of badger post-mortems conducted by 
MAFF. Section 4.4 descr ibes molecu la r  typ ing and assesses data on molecu lar  types or 
'stra in s' of M. bovis sampled from badgers, catt le and other w i ld l ife .  Section 4.5 reviews 
mathematical model l i ng and its use in understa nd ing the epidemiology of the d i sease. 
Section 4 .6 d i scusses various factors that may underl ie patterns of M. bovis i n fect ion .  
F i n al ly section 4 .7  summari ses conc l us ions and recom mendations .  
4.2 Spatial and temporal patterns of herd breakdowns 
4.2.1 Append ix  2 sets out the proport ion of tota l herds with reactors ( i .e.  both 
confi rmeda and u nconfi rmed b breakdowns) for South-West England and the rest of 
England and Wa les for the period 1 962 to 1 996c (see a l so F igu re 1 . 1  ). The n u mber  of 
herd breakdowns has increased si nce 1 986, parti cu lar ly in South-West England and 
Wales. F igure 4 . 1  (a) p lots new confi rmed breakdowns i n  G reat Brita i n  from 1 98 7  to 
1 99 1  and F igure 4 . 1  (b) plots them for the period 1 992 to 1 996. Confi rmed breakdowns 
are more n u merous and more strongly c l ustered in Wales and South-West England than 
e l sewhere. More deta i led ana lys is  suggests that with i n  these areas there is  considerable 
variat ion i n  breakdown rates and c luster ing but that, genera l l y, c lusteri ng is stronger in 
areas of h igh herd breakdown rates. 
4.2.2 Most herds in G reat B ri ta i n  (over 99% i n  each year) d i d  not suffer from TB i n  
the  period 1 987 to 1 996.  Of  those that d id ,  the majority, 85%,  had  on ly  one breakdown 
(th i s  figure was 90.2% for the period 1 98 7  to 1 99 1  and fe l l  to 83 .5% for the period 
1 992 to 1 996) .  As F igu re 4.2 shows, m u lt ip le (two or more) breakdowns are usua l l y  
fou nd wi th i n  the c lusters of herd brea kdowns, which are a l so the areas where badger 
removal operations have taken p lace. Repeated breakdowns were even rarer dur ing the 
gass ing  and clean r ing strateg ies (see paragraphs 5 .4 . 1 1  and 5 .4 . 1 2 and Table 5 .4) .  
4.2.3 Most of the i ncreases in herd breakdown rates si nce 1 987 have been in the 
c lusters referred to above. F igu res 4 . 1  (a) and (b) show how new breakdowns in the 
mid- 1 990s tended to be found in areas where there had been breakdowns i n  the mid-
1 980s. Th i s  means that h i storic data on breakdowns are good ind icators of future risk. 
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Figure 4.1 - New confirmed herd breakdowns 
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Figure 4.2 - Herds with more than one breakdown 
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However, breakdowns are a lso increas ing i n  areas with no recent h i story of catt le TB .  
These areas can not be identified by ana lys i s  of h i storica l  data. For  example, in  West 
Staffordsh i re there is a recent, loose c l uster, and there is a la rge c luster wh ich has 
expanded north from Avon and Wi l tsh i re, through G loucestersh i re, to Hereford and 
Worcester over the last ten years. 
4.2.4 Both confi rmed and unconfi rmed breakdowns have increased s i nce 1 987 and 
the two are spat ia l ly and tempora l l y  correlated (see Appendix  6 and F igu res 4 . 1  (a) and 
(b)). The data on the nu mber of reactors invo lved in breakdowns over the period proved 
too u n rel iable to enable any conc lus ive ana lys is on trends in large and sma l l  
breakdowns i n  the t ime ava i l able.  
4.2.5 The breakdown data referred to so far in th i s  section refer to a l l  breakdowns, 
whether attr ibuted to badgers or other causes. The attri bution of the cause of herd 
breakdown by MAFF is  based on a standard protocol (see Appendix 7). B road ly, a 
thorough epidemio logical investigation by MAFF i nto the c i rcu mstances of each 
breakdown resu l ts in its assignment to one of six poss ib le  causes : transmiss ion from 
neighbour ing farms; i ntrod uction of i n fected catt le from Ire land;  introd uction of in fected 
catt le from el sewhere; transmission from h u mans;  transmiss ion from badgers; or 
unknown or obscu re. 
4.2.6 MAFF cu rrently attr ibutes between 80% and 90% of breakdowns in South-West 
England to badgers. However, attri bution of cause is rather su bjective, and not a lways 
adequate ly supported by the evidence. l t  i s  therefore d i fficu l t  to draw firm conc l us ions 
from these data. 
4.2.7 We therefore recom mend that cu rrent procedu res for attri bution of the cause of 
herd breakdowns should be made more transparent. More deta i l ed data should be 
gathered for each i ndiv idua l  breakdown, c lassifying i t  accord ing to the presence or 
absence of badgers in the area and whether or not in fection has been detected in any 
badgers present, i nc lud ing the severity of the d i sease, (together with the sample size). 
Th i s  in formation wou l d, of cou rse, be addit iona l  to other re levant i nformation (e.g. on 
involvement of purchased catt le, contiguous i n fection etc .)  wh ich  should conti nue to be 
recorded . Ideal ly, badgers wou ld be sampled to col lect data on infectiv ity for a l l  
breakdowns. However, we recogn i se that th is  wou l d  be costly and so, a t  th i s  stage, we 
recommend merely that, where possi ble, any i nformation ava i l able on prevalence 
should be recorded (e.g. from road traffic accident data). Sampl ing  of badgers wou ld, 
however, be necessary for the areas i nc luded in the stati stical ana lys i s  of the rel at ive 
contribution of d i fferent factors to the r isk of herd breakdown recommended i n  
paragraphs 4 .6 . 1 6 and  4 .6 . 1 7 below. 
4.3 Spatial and temporal patterns of M. bovis i nfection 
in badgers 
4.3.1 Data on M. bovis i n fection i n  badgers comes from carcases submitted to MAFF 
for post-mortem.  The sources of these carcases are shown in F igure 4 . 3 :  by far the most 
important sources are badger remova l operations (MAFF-taken badgers) and carcases 
found at the side of roads, presumably as a resu l t  of road traffic accidents. 
Other 
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Figure 4.3 - Source of 41 ,526 badgers submitted to MAFF for post-mortem 1 972 to 1 996. 
Road traffic accident badgers 
4.3.2 A nati onal survey of badger carcases was i n i tiated in 1 9 72 after it was fi rst 
recogn ised that badgers cou ld be i n fected with M. bovis. Its a ims  were l i m ited to 
assess ing  the geographica l  extent of in fect ion i n  Great Bri ta i n .  The su rvey gai ned 
momentu m in 1 9 76 with the start of extens ive badger control operations and the 
restatement of an  earl ier comm itment to examine badger carcases submitted by the 
pub l i c  for evidence of TB .  The su rvey was forma l ly  d i scontin ued on 3 August 1 990, 
l a rgely on cost grounds. S i nce then, road traffic acci dent carcases have, on occas ion, 
been col lected in some locations i n  response to herd breakdowns.  
4.3.3 The su rvey was not designed to answer quest ions about d i sease prevalence or 
inc idence or badger density except at the crudest leve l .  The samples were biased, 
depending on the publ i c's in terest and awareness of TB problems in loca l badgers and 
catt le .  The cessation of the main su rvey in August 1 990 meant that subseq uent 
samples were b iased, probably increas i ng ly, towards areas of h igh herd breakdown 
rates (and a l so probably h igh  badger TB preva lence) . Thus,  even a l lowing for the fact 
that post-mortem and cu lture probably does not detect a l l  i n fected a n i mal s, the 
prevalence of in fection i n  road traffic acc ident badgers is l i ke ly  to over-esti mate the 
true popu lat ion preva lence. In addit ion, as sampl i ng is  sparse i n  both space and ti me, 
data on road traffic accident badgers are cons istent with a wide range of popu lat ion 
prevalence va lues. 
Badgers from MAFF removal operations 
4.3.4 Badgers from removal operations have been submitted for post-mortem si nce 
the c lean r ing strategy. The number has i ncreased d ramatica l ly duri ng the period 1 975 to 
1 996 .  Sampl i ng was in tense, resu lt i ng in good est imates of the preva lence of M. bovis 
infection, but biases make these samples un representative of the enti re badger popu lation. 
Spatial patterns of infection in badgers and cattle 
4.3.5 Determ i n i ng the extent of spatia l  c luster ing of M. bovis i n fection in badgers is  
d i fficult due to the way in which carcases are sampled. MAFF-taken badgers and road traffic 
accident badgers after 1 990 are sampled intens ively over a sma l l  area, and so have a good 
chance of detecting in fection but are ma in ly  taken from the c lusters of herd breakdowns 
(see Append i ces 8 and 9). Road traffi c acc ident badgers (at least before August 1 990) are 
sampled relatively randomly, but at low levels such that M. bovis (even at a h igh prevalence) 
would be very hard to detect and c luster size al most impossible to estimate (see Appendix 9) .  
4.3.6 Preva lence of M. bovis infection in badgers and herd breakdown rates are 
correlated : preva lence in badgers tends to be h igher i n  areas of h igh breakdown rates. 
However, th is  may be an artefact of sampl ing these areas more heav i ly. Moreover, i n  
some areas the  correspondence between infection i n  catt le and  i n  badgers is  not c lear 
cut :  infection in badgers is detected i n  areas where herd breakdowns are not com mon, 
wh i l st in other areas, for example in Dyfed, re lat ively l ittle in fection is found i n  badgers 
where there is a h igh r isk of herd breakdowns. 
Temporal patterns of infection in badgers and cattle 
4.3.7 Temporal trends in preva lence of in fection in badgers submitted for post-mortem 
d i ffer widely accord ing to the source of carcases. The d i fferent  sou rces sample the pop­
u l at ion i n  d i fferent ways, making it d i ff icu l t  to est imate the true popu lat ion prevalence. 
4.3.8 I n  addit ion, the two main sou rces of data on TB prevalence, MAFF-taken and 
road traffic acc ident badgers, have both been sampled d i fferently over time, thus further 
confound i ng any ana lys is  of temporal trend . For example, comparison of TB preva lence 
between the clean ring and the interim strategy is obscured by the large number of un infected 
badgers removed as part of the clean r ing strategy. Even d u ring a s ingle control strategy, 
sma l l  sh i fts i n  samp l i ng bias may obscure any real  change i n  TB preva lence over t ime. 
4.3.9 F igure 4.4 shows the TB prevalence i n  MAFF-taken badgers from 1 9 75 to 1 996 
(see a lso figures at Append ix  1 0) .  This has i ncreased at rough ly the same rate si nce 1 982 
apart from two peaks i n  1 988 and 1 99 3 .  l t  i s  h igh ly  u n l i ke ly  that sampl i ng bias cou ld 
have cau sed these la rge peaks of prevalence, a l though the grad ua l  change i n  TB 
preva lence may wel l  be d ue to sh i fts i n  sampl ing .  
4.3.1  0 F igu re 4 .5  shows the number of  road traffic acc ident badgers and the TB 
preva lence i n  England and Wales from 1 9 72 to 1 996 ,(see a l so Appendix 1 1  ) .  Road 
traffic accident badgers before August 1 990 offer the least biased d ata on TB prevalence. 
The peak of TB preva lence seen i n  MAFF-taken badgers i n  1 988 is not seen in the 
preva lence of TB in road traffic acc ident badgers. A peak of TB prevalence in 1 993  is  
seen for both MAF F-taken and road traffic accident badgers, but these badgers are both 
sampled from areas of h igh herd breakdown rates. 
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Figure 4.4 - Number of MAFF-taken badgers and prevalence of M. bovis infection 1 975 to 1 996 in England 
and Wales. 
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Figure 4.5 - Number of road traffic accident (RTA) badgers and prevalence of M. bovis infection 1 972  to 
1 996 in England and Wales. 
4.3 .1 1 The inc rease in TB preva lence in road traffic acc ident badgers correl ates with 
the increase in  confi rmed herd breakdowns. However, the re lationsh ip  between 
preva lence and herd breakdowns is d i fferent for road traffic accident badgers submitted 
between 1 986 and 1 990 and those submitted after 1 990 (see F igures 4 .6 (a) and (b)) . 
Whi l st it is poss ible that the i ncrease i n  prevalence of TB in road traffic acc ident badgers 
reflects a real increase over t ime in the popu lat ion level preva lence, it may a lso reflect a 
sh i ft to samp l i ng i n  areas of h igh herd breakdown rates after 1 990. 
Figure 4.6 - The relationship between the number of confirmed breakdowns and TB prevalence in road 
traffic accident badgers 1 986 to 1 990 and 1 991  to 1 996 in: 
(a) South-West England, 
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4.3.1 2 G iven biases i n  the data we cannot easi ly separate out spatia l  and temporal patterns 
of M. bovis i nfection .  it is therefore d i fficult meaningfu l l y  to relate data on M. bovis infection 
in badgers to data on herd breakdown rates. These problems are further exacerbated by 
the paucity of data ava i lable fol lowing the cessation of the road traffic accident su rvey. 
4.3.1 3 The survey of road traffic accident badgers offered the least biased source of 
data on the u nder ly ing d i sease preva lence. Cessation of th i s  resu l ted in a loss of 
va luable i nformation, particu l a rly for areas of new breakdowns such as Stafford sh i re, 
where there are no data on TB in badgers after 1 99 1 . We therefore recommend 
rei ntroduction of the su rvey but restricted to spec ific areas. Areas with h igh,  or 
i ncreasing, breakdown rates and nea rby areas with low breakdown rates should be 
targeted . This wi l l  fac i l i tate a more rigorous ana lys is  of the l i nk between herd 
breakdowns and badger TB prevalence over time and space. 
4.3.1 4 One other factor which needs to be borne i n  m i nd is that the severity of the 
d i sease i n  badgers may be more important even than the overa l l  preva lence of 
in fection : severe ly  affected badgers wou ld excrete la rge numbers of organ isms.  The 
severity of the d i sease, and by imp l ication factors inf luencing this, i s  therefore l i ke ly to 
be an important variable i n  transmiss ion to catt le. Assessment of th is  shou ld therefore 
form an i m porta nt part of any su rvey of infection in badgers. 
4.4 Molecu lar typing of M. bovis 
Questions to be addressed by molecular typing 
4.4.1 Recent progress in molecu la r  genet ic analys is of mycobacter ia has resu l ted in 
development of techn iques for identif ication of stra i n  d iversity (Col i ins et al. 1 99 3 ;  
Skuce e t  al. 1 996;  Aranaz e t  al. 1 996) .  These have been used to mon itor transm ission 
routes of human TB, for example, and to d i sti ngu ish d i sease cau sed by re infection from 
that associated with reactivation of infection. Analogous strateg ies can be used for M. bovis. 
Molecu lar  typ ing cou ld make a contr ibut ion i n  several important  areas as set out below. 
( i )  Mai ntenance of a national  register of M. bovis i so lates w i l l  improve 
epidemiologica l mon itor ing of changing patterns of herd breakdown.  
( i i )  Typ ing of M .  bovis isol ates from d i fferent spec ies over a suffic ient period of 
t ime may generate defi n it ive evidence to support the hypothesis of badger 
to catt le transmission in the fie ld si tuation and quant i fy its occurrence or to 
ind icate another mechan ism u nderly ing the observed assoc iat ion.  
( i i i )  S im i lar ly, stra i n  typ ing cou ld be used to confi rm catt le to catt le 
transmiss ion i n  those cases where breakdown is  bel ieved to arise from 
i ntroduction of an in fected an ima l  from another affected herd . 
( iv) Use i n  future surve i l l a nce of badgers may provide in formation on the 
spread of in fection of M. bovis between badger popu lat ions .  
(v) it may be possib le  to identify which mycobacteria l  stra ins  c ross 
spec ies barriers. 
Molecular typing tools 
4.4.2 Current too ls for mycobacteria l  typ ing have been developed primari ly for huma n  
T B .  One of the most powerfu l ,  1561 1 0  fingerprinting (see Append ix  12), rel ies o n  detecting 
variations in the number and location of cop ies of a specific DNA fragment in the 
bacter ia l  genome (van Embden et al. 1 993 ) .  Such variation is  detected us ing a techn ique 
known as restriction fragment length polymorphi sm or RFLP. The use of th is  techn ique to 
detect variation in 1561 1 0  is more restricted for bovine TB because on ly a low number  
of  cop ies of  the DNA insert a re found in most M. bovis i solates (Co l i  i ns  et al. 1 993 ) .  
4.4.3 1561 1 0  typ ing, i n  combi nat ion with RFLP typ ing us ing addit ional probes (PGRS 
and DR) ,  has a l lowed d i fferentiation of 39 stra i n  types in 2 1 0  M. bovis isol ates i n  
Northern I re land, a l though 43% o f  these isol ates were class ified a s  a s i ngle RFLP type 
(Skuce et al. 1 996).  No c lea r  evidence of host restriction of stra in types was fou nd .  
F u rther typ ing studies have identified 4 8  R F L P  types with i n  3 1 0  M .  bovis isolates of 
d i fferent species, tempora l  and geographica l  or ig ins .  These have demonstrated that TB 
breakdowns on i nd iv idual  farms, for which m u lt ip le isolates a re ava i l able, may be due 
to more than one stra i n, suggesting m u lt ip le sou rces of in fection (R.A. Skuce, personal  
commun ication). 
4.4.4 Alternative genetic fi ngerpri nt ing techn iques, i nc lud ing  a PCR-based 
'spo l igotypi ng' (SPacer-OL IGOnucleotide TYPI NG) assay, offer a potentia l l y  broader 
appl ication to M. bovis (Aranaz et al. 1 996).  These assays req u i re fu rther development 
to improve levels  of d iscri m i nation .  For example, DAN I  have shown that DNA typ ing of 
1 5 1 M. bovis i sol ates identif ied 40 types by RFLP  but on ly  1 8  by spo l igotyp ing  (R.A. 
Skuce, personal commun icat ion) .  This i s  a rap id ly  advancing area of research ,  and tests 
su itable for address ing the quest ions outl i ned above are l i ke ly to be avai lab le over the 
next one to two years. 
4.4.5 Another usefu l techn ique known as restriction endonuc lease ana lys is  (REA) has 
been developed i n  New Zea land .  i t  has been used for severa l years to trace M. bovis 
i solates responsible for herd breakdowns involving imported cattle and transmission from 
possums (Co l i  ins  et al. 1 986; Col i ins et al. 1 988; Col i  ins  et al. 1 993 ;  de Lis le et al. 1 995) .  
4.4.6 Lead ing researchers on M. bovis molecu la r  typ ing commun icate on a world-
wide basis .  One important i n it iative, sponsored by the EU, i nvolves the establ ishment of 
standard i sed typ ing proced ures, a standard nomenclature for M. bovis stra ins  and a 
database of DNA types. A longer term goal w i l l  be to develop DNA-based tests that 
identify d i fferences i n  biological properties (v iru lence, spec ies-spec if ic ity, etc .) between 
stra i ns. Rel ated research d i rected towards human TB has been promoted by a programme 
to determ ine the complete sequence of the genome of M. tuberculosis (Cole 1 996), and 
a correspond ing  analys is of the genome of M. bovis wou ld prov ide an important 
experi mental advance in th i s  area . 
Use of molecular typing by MAFF 
4.4.7 Two techn iques, spo l igotyp ing and RFLP, have been u sed to look at the 
epidem iology of M. bovis i n  the UK. Spo l igotyp ing is  qu icker, si mp ler a nd cheaper to 
perform than RFLP and la rge numbers of isolates can be typed at the same t ime. In  
addit ion, i t  generates data that is  more su itable for com puter ana l ys i s  than RFLP (Aranaz 
et al. 1 996) .  MAF F  have therefore used spo l i gotyp ing retrospectively to type iso lates of 
M. bovis to help describe nat ional patterns of TB i nfection in badgers and catt le.  Some 
pre l i m i nary resu lts are summarised below. 
4.4.8 Figures 4 .7  and 4 .8  show the location of d i fferent catt le spo l igotypes. Although 
some spo l igotypes (e.g. 9 and 1 7) are widely spread, the majority are found in c l usters 
consisti ng of one or two stra in s, with d i fferent stra ins  in d i fferent c l usters. More 
i ntens ive sam p l i ng is req u i red to show whether these geographica l  c l usters are rea l or 
an artefact of sa mp l i ng. If c l ustering  is not an artefact of samp l i ng, the geographica l  
stabi l i ty of some types might suggest a reservoi r  of infection which is  re lative ly  
i mmobi le .  Th is  wou ld accord wi th  a reservo i r  in  a w i l d l ife spec ies such as the badger, 
which rare ly  makes movements of more than one to two km (pa ragraph 3 . 3 . 1 9 ) .  
4.4.9 Spol igotypes from badger isolates a l so appear to show some c lustering (see 
Appendix  1 3 ) .  However, sample s izes are much smal ler than those for catt le, mak ing i t  
even more d i fficu l t  to estab l i sh whether these c lusters are rea l or artefacts. 
4.4.1 0 More than one isol ate (between 2 and 1 8) was ava i lable from 86 breakdowns 
(85 fa rms) . I solates from the same breakdown were found to have identical spol igotypes 
with 1 1  except ions :  in  ten cases, two spo l igotypes were d i fferent iated ; and i n  the 
e leventh, in  wh ich  1 8  isolates were typed, fou r  d i fferent spo l igotypes were found .  More 
than one sou rce of infection seems to be involved i n  these 1 1  ( 1 3%) herd breakdowns 
where more than one spol igotype was found .  The h i stories of such cases wou ld  deserve 
further investigat ion,  espec ia l l y  if l i nks  with infection in other spec ies a re su spected . 
4.4.1 1 For 49 cases, i sol ates were avai lable from both badgers and catt le.  Of these, 
41 (84%) had a shared spo l igotype between badgers and catt le (see F igure 4 .9) ,  with 
shared spol igotypes tending to be d i fferent in d i fferent a reas. However, the presence of a 
shared spo l igotype does not necessar i ly  ind icate a common route of transmiss ion,  
espec ia l l y  with the l i m ited stra in  d i fferentiation of spo l igotyp ing.  Converse ly, absence of 
a shared spo l igotype may be an artefact of poor samp l i ng rather than evidence agai nst a 
common route of transmiss ion,  as there may be several spo l igotypes i n  a given area. 
4.4.1 2 In pr inci ple, mon itor ing M. bovis stra ins  over time in catt le, badgers and other 
potent ia l  w i ld l i fe reservo i rs wou ld prov ide conc lus ive evidence on whether, and to what 
extent, badger to catt le transm ission takes p lace. We therefore recommend extend ing 
the use of molecu la r  typ ing tools  with more i ntensive sampl i ng of badgers, cattle and 
other w i ld l ife over restricted a reas in  a we l l -designed experiment. To improve stra in  
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Figure 4.7 - Distribution of spoligotypes in cattle (except 9 and 1 7). Figure 4.8 - Distribution of spoligotypes 9 and 1 7  in cattle. 
d i fferentiation, the opt imal  procedu re wou ld i nvolve a combi nation of two or more 
methods of molecu la r  typ i ng. 
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Figure 4.9 - Spol igotypes of isolates taken from cattle and badgers at the same time and place. 
4.5 The use of mathematical models to understand the 
epidemiology of M. bovis 
4.5 .1  Cattle TB control programmes typ ica l ly  have two ma in  goa ls .  F i rst ly, they seek 
to isolate the d i sease to prevent d isease spread . In  B r ita i n  th i s  has i nvo lved p lac i ng TB 
i n fected herds u nder movement restrictions. Second ly, they seek to control or erad icate 
the d i sease. I n  B rita i n  th is  has i nvo lved cu l l ing in fected catt le and, s i nce 1 9 75, badgers . 
Other in terventions (e.g. vacc in ation - see section 6.4) may be avai lable i n  the futu re . 
Mathematical models can be used to he lp u n derstand exist ing data and to guide 
co l lection of data in the futu re in o rder better to ach ieve the two goa ls  set out above . 
Severa l stud ies have mode l led transmi ssion of TB i n  badgers, he lp ing us to u n derstand 
key processes in transmiss ion and how d i fferent i nterventions may affect transmiss ion.  
Models of TB transmission in badgers 
4.5.2 Many model s  bu i ld  upon the s imp le  model deve loped by Anderson and 
Trewhe l l a  ( 1 985) wh ich  exami ned the effects on TB transmiss ion of i nc lud ing pseudo­
vertical transmiss ion, a carrier state, an environ mental reservo i r  of M. bovis and age 
structu re. l t  h igh l ighted severa l important poi nts u nder ly ing the epidemiology of TB in 
badgers such as the potent ia l  importance of dens ity dependence, interaction between 
badger densities and the environment, d i spersal patterns between socia l  grou ps, pseudo­
vertical transmiss ion and environmental reservo i rs of M. bovis. 
4.5.3 Anderson and Trewhel la 's s imp le model has subsequently been e laborated . 
Bent i l  and Mu rray ( 1 993)  found that when they inc l uded immune badgers in the model ,  
they obta ined patterns of preva lence s im i lar to those seen in  the Woodchester Park data, 
a lthough their  resu lts may not be appl icable to endem ic infection of badgers (Ruxton 1 996). 
4.5.4 Swinton et al. ( 1 997)  used a s im i l a r  model to compare the re lat ive effects of 
fert i l ity control versus lethal control ,  under the assumption that l ethal control cou ld 
potentia l ly increase transmission whereas ferti l ity control would not. This model suggested 
that even moderate levels of fert i l ity red uction (although c lose to that wh ich m ight 
cause loca l exti nction of badgers) cou ld decrease TB preva lence s ign ificantly. However, 
th i s  may be a consequence of the lack of spat ia l  structu re i n  the i r  model . In addit ion, it 
i s  l i kely that females which are not given anti-fert i l ity treatment may compensate for 
those which are by having more offspring (see paragraph 5 . 5 .4) .  They a l so found that 
mode l led r isk of infection in Woodchester Park remai ned rough ly constant for 1 6  years 
despite a dou b l i ng of both badger popu lation size and TB preva lence over the same 
period . Although th i s  m ight mean that the r isk of i nfection does not depend on badger 
density, it cou ld a lso be an artefact of the assumptions of the model . 
4.5.5 Whi l st the s impl ic ity of these mode ls  a l lows us to make c lear, qua l itative 
argu ments about TB transmiss ion, it does not al low quantitative comparisons between 
mode ls  and data and between the outcomes of d i fferent i ntervention strategies. Ruxton 
( 1 996) has argued for the inc l usion of chance and spat ia l  effects in models to al low u s  
to make such comparisons. 
4.5.6 Wh ite and Harris ( 1 995a, b), for example, used a more complex version of 
Anderson and Trewhe l la  ( 1 985) that i nc luded both age and sex structure, and took into 
accou nt chance (stochastic) effects and the effect of space. They u sed th i s  model to 
assess the re lative efficacy of various control strategies and concl uded that repeated 
annua l  vacc ination stood a good chance of erad icating endemic TB .  However, they 
used an unreal istica l l y  h igh level of TB-assoc iated morta l i ty, resu l t ing in a 66 - 86% 
reduction in population density in infected areas, wh ich  has not been observed in the 
field . They s imu lated control by seed ing their  s imu lations with i nfected indi v iduals ,  then 
immed iate ly imposing contro l .  Th i s  approach has been crit ic ised as being u n rea l i stic for 
an endem ic d isease such as bov ine TB .  They a l so equated the success of vacc ination 
with erad ication of the d i sease, rather than j ust reduc ing the preval ence of infection or 
red ucing the i nfectiousness of i nfected badgers, wh ich  may be benefic ia l  in  reduc ing 
the number of  herd breakdowns (see section 6 .4) .  
4.5.7 Model l i ng work at Oxford Un iversity (C.  H itchcock and D. Macdonald, personal  
commun ication) involved the use of a stochastic, spat ia l  vers ion of Anderson and 
Trewhel la  ( 1 985) i n  much the same way as White and Harris ( 1 995a, b). The main a im of 
their  model was to i l l u strate how increases in  d i spersal in  response to a badger remova l 
operation (the 'pertu rbation' effect, see paragraphs 3 .6 .6  to 3 . 6 .8)  cou ld compensate for 
the d i rect (removal of infected badgers) and ind i rect ( loweri ng of badger density) 
reduction i n  TB preva lence. They ran their  mode ls  i n  the absence of d i sease unti l 
eq u i l ib r ium,  then i ntroduced TB.  This may not reflect the U K  situation, where badger 
dens ities appear to have been increas i ng over the last decade (Wi l son et al. 1 997) .  
4.5.8 Another approach is  to focus  on transm ission with i n  a sma l l  nu mber of soc ia l  
grou ps rather than in  a large popu lation of  badgers . Sm ith et al .  ( 1 995) used such a 
' m icro-s imu lation' approach to look at how TB spreads a mongst s ix badger soc ial  
groups. This a pproach was inspired by observations in Woodchester Park that 
transm ission between soc ia l  group territories was relatively rare (see paragraph 3 .4 .9) .  
A variety of sub-mode ls  were proposed as l i tt le is  known about the natu ra l  cou rse of 
i n fection in w i ld  badger popu lat ions. Pseudo-vertical transmiss ion and a 'super­
in fectious' c lass were inc l uded in the model . The mode ls  suggested that long-term 
persistence of TB is  poss ib le in soc ia l  groups on ly  with eight or more members. 
4.5.9 Add i t ional model l i ng work by Graham Smith involved fu rther parameteri sation 
of Smi th et a l. ( 1 995)  from the Woodchester Pa rk data and the effects of cu l l i ng on 
ei ther two or s ix out of the six interacting soc ia l  grou ps in the model were investigated . 
Lactating females were assumed to i nfect either a l l  or none of their young, and the 
effect of k i l l i ng  or re leasing lactat ing fema les was investigated . In  order to erad icate TB, 
a l l  of the soc ia l  groups had to be subject to c u l l i ng. I f  a l l  avai lable i nd i v idua ls  were 
ava i l able to be cu l led, erad icat ion was usua l l y  achieved by badger exti nct ion.  If a 
perfect ( 1  00% sensi tive and spec ific) l ive test were avai lable, the d i sease cou ld be 
eradicated wi thout increas ing the risk of badger exti nction sign if icantly. The model a l so 
suggested that, although k i l l ing lactati ng females reduced TB prevalence i n  the short 
term, it resu l ted in the long-term local exti nction of the badger popu lat ion .  Th is  research 
suggests that ach ieving the desi red goa l of mainta i n i ng a badger popu lation with low 
leve ls of TB is extremely d i fficu l t  if lactat i ng females are present. 
Directions in the modelling of TB 
4.5 .1 0 Mathematical mode l l ing is  an important tool in understanding the epidem iology 
and control of M. bovis in badgers. Mode l l ing stud ies have, so far, taken one of two 
complementary approaches. The fi rst (e.g. Anderson and Trewhel la  1 985) uses re latively 
s imp le analytical models that can be used to identify potenti a l ly i mportant factors in 
d i sease transmission . The second (e.g. White and Harris 1 995a, b) involves complex, 
deta i led s imu lat ions that cou ld,  in theory, be used to s imu late the effectiveness of 
d i fferent strategies of cu l l i ng, vacc i nation or (in badgers) fert i l ity control . However, at t�e 
moment there are insufficient data to parameterise the mode ls .  Nevertheless, model l i ng 
is a relative ly  fast and cheap method of exploring the outcome of d i fferent interventions. 
4.5 . 1 1 Various model I ing approaches can contri bute to the understand ing of d i sease 
transmiss ion.  The com bi ned use of geographica l  i nformation systems and epidem io­
logica l mode l s  may help to understand M. bovis transmission on a wide spat ia l  sca le. 
Statistical models  can help design field tri a l s  to test the pred ictions of transmission 
mode ls .  By l i nking economic and transmi ssion models, the costs and benefits of 
d i fferent contro l strategies can be assessed . 
4.5 . 1 2 An integrative mode l l ing approach is common practice i n  medical epidemiology 
and we recommend that future mode l l ing work should adopt a more in tegrative 
approach .  MAF F  should harness external expert ise, through l i nks with un iversit ies, 
i nstitutes and others to extend its capacity in th i s  a rea . This w i l l  y ie ld a better 
u nderstand ing of d isease transm iss ion and he lp deve lop and u nderp in  futu re strateg ies 
for dea l ing with th is .  
4.5 . 1 3  Data are rare ly gathered with the needs of research i n  mind.  L ittle is cu rrently 
known about spati a l  patterns of transmission of TB in catt le and badgers . Fu rther 
research on the routes of TB transm ission between badgers and catt le and the growi n g  
resou rce of molecu lar  typ ing  o f  M .  bovis wi l l  h e l p  formu l ate better mode ls .  l t  wi l l  a l so 
help to deve lop a deeper u nderstand ing of the data. Better feedback between mode ls  
and data is  therefore essent ia l  if  we are to maxim ise u se of  the data and the usefu l ness 
of data col lected i n  the futu re. We recommend that there should be better l i a ison 
between mode l lers and MAFF to ensure that the data gathered are better able to meet 
research needs .  
4.6 Possible factors underlying local patterns of 
infection in badgers and cattle 
4.6.1 Identification o f  the factors underly ing spat ia l  a n d  temporal  variations i n  
M .  bovis i n fection in badgers a nd catt le wou l d  potent ia l ly  al low u s  to identify a reas at 
h igh r isk of herd breakdowns wh ich  have not had a h i story of th is  and to develop 
in tervention strategies to reduce r isk .  
4.6.2 Two important issues ar ise from attempts to determ ine  these u nderly ing factors. 
F i rstly, one needs to make the d i sti nction between correlation and causat ion.  F i nd i ng a 
sign ificant correl ation between, say, herd breakdown rates and an environmental variable 
does not imp ly  that the environ mental variable causes h i gh breakdown rates. Su rrogate 
markers of h igh  herd breakdown rate ( regard less of whether they are d i rect ly causa l l y  
re lated) may b e  extremely usefu l i n  determin ing areas wh ich have not had a h i story of 
breakdowns but wh ich  a re now at h igh  risk. However, dec is ions on which i ntervention 
strategy to u se must re ly  on  var iables that are causa l l y  related to breakdown r isk. 
4.6.3 Second ly, one needs to take into accou nt the phenomenon known as m u lt ip le 
test i ng. The more corre l at ions that are sought, the more l i ke ly i t  i s  that  a correlation 
ar is ing pu re ly by chance wi l l  be found.  The criteria for accept ing a correlat ion as 
's ign ificant' therefore have to take this i nto accou nt. 
4.6.4 Chapters 2 and 3 review severa l aspects of badger ecology wh ich  may u nderl ie 
any TB transmission from badgers to catt le.  We consider fu rther below three var iables 
which may account for spat ia l  variation in the r isk of herd breakdown :  badger density, 
c l i mate and land use, and make recommendations for further work i n  th i s  a rea. 
Spatial variation in badger density 
4.6.5 A high badger density cou ld in theory fac i l itate transm ission of M. bovis to cattle 
by i ncreas ing the preva lence of TB in badgers. i t  has been suggested that there may be a 
th reshold group size below wh ich  M. bovis can not persist. Two mathematical  mode ls  
suggest that th is  thresho ld is  e ight  members. I f  a h igh badger density is  a l so assoc iated 
with more crowd ing, increased stress cou ld make u n i nfected badgers more suscept ib le 
to in fection and infected badgers more l i kely to progress to active, i n fect ious TB d i sease. 
4.6.6 lt i s  a l so poss ib le that contact rates between badgers and catt le wou ld be h igher 
in  areas of h igh badger density (see section 3 .5 ) .  Whether this i s  important in increas ing 
the risk of  transmission to catt le depends upon the major route of transmiss ion .  D i rect 
contact with l ive badgers is uncommon but is l i kely to increase with badger density, 
espec ia l l y  if the preva lence of active d i sease is  h igh :  behavioura l  changes of d i seased 
badgers may make them more l i ke ly  to come i nto contact with catt le .  However, the 
contact rate between catt le and badger excreta may be the same across a wide ra nge of 
badger densi ties, as badgers may increase scent-mark ing  at lower badger densit ies. 
4.6.7 S i nce breakdown risk is  on a fi ne spat ia l  sca le, badger dens ity est imates wou ld 
a l so be requ i red on a f ine spat ia l  sca le to su pport or refute the hypothes is  that spat ia l  
variat ion in badger dens ity u nderl ies spat ia l  variation i n  breakdown r isk .  The nat ional  
sett su rvey (see paragraph 3 .3 . 3)  suggests that h igh badger densit ies may be associ ated 
with h igh herd breakdown rates on a reg ional scale, but it does not prov ide evidence on 
a smal ler (parish or herd leve l)  sca le. The Woodchester Park study has fa i led to show a 
rel at ionsh ip  between measures of in fection risk (which may be unrel iable) and population 
density (Cheeseman et al. 1 988b) .  Even i f  the effect of popu lat ion dens ity on i n fection 
risk is  sma l l  at Woodchester Park, the wider appl icab i l ity of these resu l ts is not known. 
4.6.8 Deta i l ed data on badger dens ity over a l a rge area wou ld  be d i fficu l t  and 
expens ive to obta i n .  S imply assessi ng the presence or absence of badgers wou ld, 
however, be feas ib le on th is  scale. Analyses by DAN I  have suggested that the presence 
of badger setts or dead badgers on a farm was assoc iated with a two to threefold 
i ncrease in the risk of a herd breakdown there (when purchased catt le have been ru led 
out) . Another important  risk factor for a herd was being  contiguous to a breakdown 
herd . G iven that these contiguous breakdowns may a lso have been caused by badgers, 
the risk tru l y  assoc iated with badgers may be even h igher than threefo ld .  
4.6.9 The DAN I study ind icates such a large increase i n  risk associated with the presence 
of badgers, even ignori ng exact badger densities, that carrying out a s imi lar anal ysis in Great 
B rita in shou ld be given a h igh priority. Although badger su rvey ing a l ready takes p lace, it 
i s  restricted to herds with breakdowns of TB. We have recommended i n  paragraph 4 .2 . 7  
above that i nformation on  the presence o r  absence o f  badgers shou ld be col lected for a l l  
breakdowns i n  future. I n  addit ion, to enable a proper assessment o f  the contribution of 
badgers to risk, s im i lar  information should be gathered a l so for farms in low r isk areas. 
Spatial variation in cl imate 
4.6.1 0 Cl imate may be important in the epidem io logy of TB for many reasons. i t  
affects the amount of food ava i lable to badgers and has been shown to be an important 
determ i nant of badger density, wh ich  may be related to TB prevalence (see above). 
When food ava i l abi l i ty is  low, stress may speed progress ion to active excret ing d i sease. 
C l i mate may a lso affect the survival of bacteria in  the environment (see paragraph 3 .5 .3 ) .  
4.6.1 1 Herd breakdown rates are genera l l y  h igher i n  South-West England,  where i t  i s  
genera l ly  warm and wet: these are idea l  cond itions for h igh leve l s  of  food ava i l abi l ity for 
badgers and long survival ti mes of bacter ia .  The annua l  herd breakdown rate has been 
found to be pos itively correlated with total ra infa l l  and mean m in imum temperature and 
negative ly  correlated with the da i ly  nu mber of sun hours and the max imum temperature 
(K ing et al. 1 997) .  The risk of TB infection in badgers in  Woodchester Park is correlated with 
summer rainfa l l :  when ra infa l l  is low, the r isk of in fection is h igh (R. Wood roffe, personal 
commun ication) .  However, even i f  th is correlation reflects causation, it i s  unclear how the 
changes in the preva lence of infection in badgers relate to the risk of herd breakdowns. 
4.6.1 2 I n it ia l  stud ies of the assoc iation between c l imatic variables and herd breakdown 
rates are prom isi ng. However, i t  i s  unclear whether mic roc l i matic d ifferences can account 
for the fi ne sca le spatia l  variation i n  breakdown risk. G iven that fi ne sca le meteoro logical 
data are rout ine ly gathered, we recommend that these data shou ld be used in the mu lt i­
vari ate r isk ana lys is recommended in paragraphs 4 .6 . 1 6 and 4.6 . 1 7 to i nvest igate 
whether they can be used to p i npoint  sma l l  areas at r isk of h igh breakdown rates. 
Spatial variation in landscape features 
4.6 .1 3 Wh ite et al. ( 1 993)  argued that local variation i n  badger scent-marking 
behaviour due to l i near features m ight i nf luence the r isk of M. bovis infection i n  catt le.  
Badgers tend to cross boundaries such as hedges and fences at pred ictable poi nts, and 
mark these 'crossing  poi nts' with u r ine. S i nce each ur i nation may conta i n  h u ndreds of 
thousands of bacteria, graz ing catt le in areas with many boundaries (and therefore many 
cross ing po ints) m ight i ncrease their  r isk of exposure to M. bovis (Wh ite et al.  1 993 ) .  
4.6.1 4 I n  an  attempt to  test th i s  hypothesis, Wh ite e t  al. ( 1 993)  sampled 1 km2 squares 
where mu lt ip le badger removal operations had been carried out, and compared their  
habitat characteristics with those of randomly chosen squares where no 'badger- re lated' 
a The South-West region 
referred to here comprises the 
six counties of Avon, Cornwall ,  
Devon, Gloucestershire, 
Somerset and Wiltsh ire. 
breakdowns had occurred . With in  three of s ix  land c lasses (account ing for 3 3 .8% of the 
land area of the South-West region al, squares with mu lt ip le badger removal operations 
had more boundaries, and more heterogeneous habitat, than randomly chosen squares 
(Wh ite et al. 1 993) .  In two other land classes (24.6% of the la nd area) mu l t ip le badger 
removal operat ions were associated on ly with h i gh hab itat heterogenei ty, and in one 
other ( 3 3 . 2% of land area) there was no sign ificant assoc iation (Wh ite et al. 1 993) .  
4.6.1 5 These resu lts suggest that variations i n  landscape may pred ispose some areas to 
mu lt ip le herd breakdowns, al though the evidence for an independent effect of habitat 
boundaries is  less su bstantia l .  Wh ite et al. ( 1 993)  d i scou nted the effects of badger 
dens ity because there were no correlat ions between ma in  sett density and either the 
nu mber of bou ndaries or hab itat heterogene ity in any land c lass (Cresswel l  et al. 1 990;  
Wh ite et al .  1 993 ) .  However, a problem with th is  ana lys is  i s  that group s ize i s  a l so an 
important component of badger dens ity which may be important in the epidem iology of 
M. bovis and th i s  i s  not reflected in sett dens ity (see paragra ph 4 .6 .5 ) .  
Correlates of local variation in risk 
4.6. 1 6  We do not cu rrently understand why risk varies a t  the loca l level . Mathematica l 
mode ls  (see above) h ave hel ped to explore the importance of variations i n  badger 
density, c l i mate and landscape features in relation to breakdown rates. However, 
exist ing data are insuffic ient to address the fine-scale spatia l  variations in breakdown 
r isk.  We therefore recommend that relevant data is  co l lected and an ana lys is  carried out 
to determ ine the correlates of loca l variation in r isk.  
4.6.1 7 Relevant data, col lected on a f ine spat ia l  scale, wou ld inc lude :  
( i )  the presence of  badgers ; 
( i i )  TB  preva lence in badgers, inc lud ing the  severity of  the  d i sease, together 
with sample sizes; 
( i i i )  husband ry ;  
( iv )  c l i mate; and 
(v) l andscape variables. 
This data should be col lected from areas of h igh and low r isk.  Deta i led data on herd 
breakdowns wou l d  be needed for the study, as wou ld samp l i ng of badgers in  h igh  and 
low risk areas. Other sou rces of i nformation wou ld inc l ude data from a more r igorous 
attr ibution of herd breakdowns, the recommended road traffic acc ident su rvey, and 
newly col l ected information. Th i s  wou ld prov ide q uantitative evidence on the relative 
i mportance of badgers and other factors contr ibut ing to herd breakdowns.  lt may a l so 
prov ide ind ications for future husbandry po l icies (see a l so section 5 . 7) .  
4.7 Conclusions and recommendations 
4.7.1 Most breakdowns occur  in areas where there is  a past h i story of breakdowns 
and so data on past breakdowns appear to be a rel iable i nd icator of futu re risk of 
i nfection on a med i u m  spat ia l  sca le.  However, breakdowns are a l so increas i ng in areas 
with no recent breakdown h i story : these areas can not be identif ied by ana lysis of 
h i storical data (F igures 4 . 1  (a) and (b) and paragraph 4 .2 .3 ) .  
4.7.2 The present MAFF protoco l for attr ibution of  the cause of  herd breakdowns is  
not sufficiently rigorous .  We recommend that addit ional  information should be col lected 
for a l l  breakdowns on the presence or absence of badgers . In addit ion, data on 
prevalence of i nfection in badgers ( inc lud i ng severity of the d i sease) and sample size 
shou ld be col lected for farms inc l uded in the study compar ing farms with h igh and low 
breakdown rates to est imate the contr ibution of badgers to the r isk of herd breakdown 
(paragraphs 4 .2 .6 , 4 .  2 .  7 ,  4 .6 . 1 7 and paragraph 4 .7  .8 ) .  
4.7.3 Data on M. bovis i nfection in badgers suffer from u nquantif iable b iases that 
make it d i fficu l t  to estab l i sh  the underly ing preva lence of TB, part icu lar ly on a sma l l  
enough spatia l  scale to assess any l i n ks between TB preva lence i n  badgers and herd 
breakdown rates. In  genera l ,  infected badgers are found in  areas of h igh breakdown 
rates and preval ence tends to be h igher in  these areas. However, th i s  may be an artefact 
of samp l i ng these areas more heav i l y  (section 4 .3 ) .  
4.7.4 A survey of  road traffic acc ident badgers offers the best ava i lable source of  data 
on the underlying preva lence of TB in badgers . We recommend a l i m ited re introd uction 
of the road traffic accident survey, inc lud ing assessment of the severity of the d i sease, 
targeting areas with h igh or increas i ng herd breakdown rates and nearby low risk areas 
(paragraphs 4 .3 . 1 3 and 4 . 3 . 1 4) .  
4.7.5 Monitoring M. bovis strains over time in cattle, badgers and other wi ld l ife shou ld,  
in pr inci ple, provide conc lus ive evidence on whether and to what extent badger to cattle 
transmission takes place. We therefore recommend extend ing the use of molecu lar  typi ng 
too ls in a we l l -des igned, intens ive study ta rget ing badgers, other w i ld l ife and catt le over 
restricted a reas. To i mprove stra in d i fferentiat ion, the opt imal  proced ure wou ld  involve 
a combi nation of two or more methods of molecu la r  typ ing (paragraph 4.4 . 1 2) .  
4.7.6 Futu re model l i ng work shou ld adopt a more i ntegrative approac h .  MAFF should 
harness external expertise to extend i ts  capacity in  th i s  a rea (paragraph 4 . 5 . 1 2 ) .  
4.7.7 There shou ld  be better l i a ison between mode l lers and MAFF to ensure that  data 
gathered are better able to meet research needs (paragraph 4 .5 . 1 3 ) .  
4.7.8 We do not cu rrently understand why r i sk  varies a t  the  local level . We consider 
that a mu lt i-vari ate analys i s  to determ ine the correl ates of local  variations in r isk should 
be given a h igh  priority. Relevant data wou ld  inc lude presence of badgers, TB 
preva lence in  badgers ( inc l ud ing the severity of the d i sease) , husbandry, c l imate and 
landscape var iables .  Data should be col l ected for a number of h igh and low risk 
locat ions .  This analysis wou ld prov ide quantitative evidence on the re lative importance 
of badgers and other factors contri buting to breakdown r isk (section 4.6) .  
Chapte r 5 
5 Control strategies 
5.1 I ntroduction 
5 . 1 . 1  Th is  chapter assesses previous control strateg ies and recommends a scientifica l l y  
based approach to badger management for the future. In  section 5 .2  we compare the 
gass ing, clean ring and inter im control strategies with reference to several key features 
that may underl ie  their  success or fa i l u re. Section 5 . 3 ana lyses the l ive test tria l .  Section 
5 .4 exami nes the effect of these fou r  strateg ies on the preva lence of TB in badgers and 
on the herd breakdown rate. Section 5.5 briefl y reviews fert i l ity control as  a potent ia l  
contro l  strategy. Section 5 .6 recommends a properly designed experiment to compare 
the efficacy of d ifferent strateg ies in reduc ing TB in cattle. Section 5 . 7  considers the role 
of husbandry in  reduc ing TB transmission and section 5 .8  summarises the conc lu sions 
and recommendations in  this chapter. 
5.2 What are the key features of previous control 
strategies that may have affected their success? 
5.2.1 Section 1 .4 outl i nes the background to and development of the various control 
strateg ies si nce the ear ly 1 9 70s and sect ion 2.5 descri bes the effects of four large-scale 
badger c lea rances. Append ix  3 outl ines the deta i l ed operat ional features of the gassing, 
c lean ri ng, inter im and l ive test tr ia l  strategies. Table 5 . 1  summarises key aspects of each 
strategy. Several featu res of the gass ing and clean r ing strateg ies may have made them 
more effective than the inter im strategy in reducing the preva lence of TB in badgers and 
hence, theoretically, a lso reduc ing the r isk of herd breakdowns. These are :  
( i )  the  la rger area c leared ; 
( i i )  the h igher effic iency of  remova l o f  infected an ima l s ;  and 
( i i i )  the long-term prevention of reco lon isat ion.  
The ana lys is  set out be low i l l u strates the i mportance of stri k i ng the right ba l ance 
between resou rce costs, the appropriate ta rget ing of badgers to be removed and the 
effectiveness of remova l .  
Which badgers were targeted for removal? 
5.2.2 Different contro l  strateg ies ta rgeted d ifferent groups of badgers for removal 
(Table 5 . 1 ) and so are l i ke ly  to have d i fferent impacts on the prevalence of TB i n  
badger popu lat ions.  
5.2.3 The gassing strategy ai med to remove infected soc ia l  grou ps (and in  some 
cases, contiguous groups a l so) associated with the reactor catt le .  Each operation 
typ ica l l y  covered an area of about 9km 2 around a herd breakdown. The experience of 
field workers and the location of setts were used to identify soc ia l  groupi ngs of setts. 
Whi l st th is  requ i res re lative ly l i ttle manpower, it is genera l ly  not as accu rate as bait-
Sampl ing of badgers 
before removal 
Post-mortem 
examination of removed 
badgers 
Revis i t ing of control 
areas to mon itor and 
prevent recolonisation 
Main method of removal 
Which badgers did the 
strategy seek to remove? 
Area of removal 
Efficiency of removal of 
targeted badgers 
Du ration of operations 
Pol icy  on lactating sows 
Gassing (1 975-82) Clean ring (1 982-8&) Interim (1 98& to date) Live test (1 994-9&) 
Yes Usually, except where there No Yes 
had been recent TB i n  
badgers or when removal 
was proactive fol lowing 
d iscovery of a dead 
i n fected badger. 
No Yes Yes Yes 
Yes Yes From 1 986 to 1 989, No 
Recolonisation was Recolonisat ion was recolon isation was 
prevented for 1 2 months prevented for s ix months prevented for three 
after removal, further after rem ova I . months after removal .  N o  
monitoring occurred for a prevention of 
further 1 2  months. recolon isation after 1 989. 
Gassing Trapping Trapping Trapping 
Infected 'soc ia l  groups' Infected and u n i nfected Badgers us ing the reactor Badgers from infected 
(determi ned by sett soc ial  groups (determi ned l and (or if th is  cannot be setts from a l l  land used 
location and field worker by bait-marking) were identified the breakdown by the badgers that could 
experience) which had removed unt i l  a 'clean farm). have caused the i ndex 
access to the reactor l and; r ing' of u n i nfected soc ial  breakdown and land ex-
sometimes contiguous groups was removed. tending out beyond this  
un i nfected groups. to the boundaries of a l l  
l a n d  with cattle herds 
considered to be at risk 
from these badgers. 
Med ium (up to 1 Okm2), Potent ia l ly  la rge, but in Sma l l  (mean area about Med i u m  to la rge (mean 
extend ing up to 1 km from practice, the mean area of 1 km'), the maximum size area about 1 2km2). 
breakdown farm removal was about 9km2 being set by the area of 
bou ndary. the breakdown farm. 
H igh Med iu m-high Variable, depending on Low, in  terms of not 
Anecdotal ly 70-80% of location, reactor land removing al l  i nfected setts 
each soc ial  group was size, t i me of year and age due to the high chance of 
removed. However not structure of population. In not detect i ng an i nfected 
a l l  infected socia l  groups practice on ly  those us ing sett. 
were detected by sampling. the land on the days trap-
ping occurs are removed 
and th is  may not i ncl ude 
a l l  the infected badgers 
which may use the l and. 
Average 1 1  weeks su rvey Average 1 6  weeks to survey In  theory, the delay i s  Delays pre-removal due 
and sampl i ng of badgers. and determine social group short due to a pre-defined to backlogs. Average n i ne 
Removal period relatively boundaries by bait-marking. area of control .  In practice, weeks to su rvey and 
short (about 1 week), but Removal period potentially the backlog of break- sample. Removal period 
post removal operations long but generally only downs has resulted i n  relatively short (about 
were long (usual ly 1 2  but around five weeks for the long delays to the start of three weeks). No post 
up to 24 months first tranche of social removal operations. Three remova I operations. 
fol lowing i n it ia l  gassi ng). groups. Removal of further months trapping p lus  
social groups to establ ish a three months prevention 
'clean ring' extended the of recolon isation (1 986-
total lent,>th of the operation 1 989). Up to four months 
to 25 months on average trapping on ly  from 1 990 
(including 6 months post ( i n  practice average 
removal operations). period only 1 3  weeks). 
K i l led ind iscriminately Released. Released. Released. 
(as were their  cubs). 
Table 5.1 - Important features of the four different control strategies. 
a ' Reactor land' refers to the 
land used by a herd with 
reactors and on which TB may 
therefore have been contracted. 
marking in determ in ing territor ia l  boundaries of soc ia l  groups. Nor is it as systematic as 
the geometrical ( 'tesse l lat ion')  method of determ in i ng soc ia l  group territories as 
described in  Append ix 1 4 . 
5.2.4 I nfection status was determ i ned by samp l i ng two badgers from each soc ia l  
group, wi th  a m i n i m u m  of  five badgers taken from the reactor landa and the 
surround ing area . Th i s  low-level samp l i ng gave a low chance of attr ibut ing infection to 
a part icu lar  group of badgers . However, it had a reasonable chance of detecting the 
presence of infection in  badgers in  the general v ic in ity of a breakdown.  
5 .2.5 The clean ring strategy sought to  remove a l l  i nfected soc ia l  grou ps and 
contiguous groups from the area surrounding the breakdown unti l a 'clean ri ng' of 
un i nfected socia l  groups had been removed . Clean r ing operations had the potentia l  to 
cover large areas: in  practice the mean area of operat ions was s i m i l ar to the gass ing 
strategy, probably because infect ion was 'c lustered' wi th in  certa i n  soc ia l  groups rather 
than spread evenly throughout the badger popu lation (see section 3 .4) . 
5.2.6 Soc ia l  group boundaries were establ ished us ing bait-marking.  Although 
genera l l y  more rel iable than the method used in  the gass ing strategy, this i s  extremely 
t ime consu ming .  Moreover, it i s  ineffective in wi nter when badger activity is  low, and 
d i fficu l t  d u ring late spring and sum mer when vegetation makes latri nes d iffi cu l t to fi nd .  
As in  the gassing strategy, on ly two badgers were sampled per  group in  order to assess 
its i nfect ion status and hence some infected groups may not have been detected du ring 
i n i t ia l  samp l i ng. However, many tru ly i nfected contiguous groups, mi ssed out d u ring the 
i n i t ia l  sampl i ng, were u l ti mate ly  identified during the remova l period as the area of 
operation extended outwards unti l a c lean r ing of soc ia l  grou ps had been establ ished. 
Hence the clean r ing strategy was more l i ke ly to detect infected soc ia l  groups than the 
gassing strategy. 
5.2.7 The a im of the interim strategy was to remove a l l  badgers from the reactor land 
(or, if the reactor land cou ld not be identified, the breakdown farm) rega rd less of 
i nfection status. The maximum area of operations was thus restricted by the s ize of the 
farm . The mean area of i nter im operat ions was much smal ler  than the area covered in 
either the gass i ng or c lean r ing strateg ies ( 1  km2 compared to 9km2) .  
How long were the operations? 
5 .2.8 For the gassing strategy, the delay between the breakdown and removal 
operations was la rgely determ ined by the time taken to su rvey the area of the breakdown 
for badgers and assess their  i nfect ion statu s. Removal operat ions were re l ative ly short 
but post remova l operat ions were long. Any setts that were reco lon ised with i n  the 
twelve months fo l lowing gass ing were regassed . Samples of carcases and faeces were 
obta ined for test ing for any subsequent recolon isations up to two years after gass ing .  
If any sample  tested pos it ive, then the setts were regassed and mon itori ng cont inued . 
If a l l  the samples were negative, then faecal samples were exami ned at th ree month l y  
i nterva l s  for 1 2  months after reoccupation .  
5.2.9 Ba it-marking to determ ine soc ia l  group bou ndaries involved a cons iderable 
delay between breakdown and removal for clean ring operat ions.  Removal operat ions 
cou ld  a l so be lengthy. F i rstly, trapping was used rather than gass ing. it takes longer fu l l y  
to remove a soc ia l  group b y  trapping than b y  gass i ng. Secondly, the c lean r ing strategy 
had the potentia l  to remove many more soc ia l  groups than the gass ing strategy, although 
in practice the area of remova l proved s im i la r. Th i rd l y, conti n uous assessment of soc ia l  
group boundaries and infection status to obta i n  the 'c lean ri ng' prolonged operat ions .  
Recolon isation was prevented fo r s ix months after the remova l operat ion . 
5.2 .1 0 I n  theory, interim operations should suffer l i ttle delay between breakdowns and 
the start of remova ls  because the areas of badger remova l are c lear ly defi ned . i t  does 
not requ i re detai led survey ing or determ ination of infection status. In practice, the delay 
has often been substant ia l  (2 7 weeks on average i n  1 995) .  F rom 1 6  J u ne 1 986, when 
the i nterim  strategy began, u nti l the end of 1 989,  badgers were removed for a three 
month period, and recolon isation was prevented for a fu rther three months, with checks 
be ing made one, two, two and a ha l f  and three months after the badger removal 
operat ions.  MAF F  abandoned the mai ntenance period from 1 990 because they 
considered that any badgers caught at the two, two and a half and three month checks 
were u n l i kely to have been d i rect ly responsib le for the breakdown .  At the same t ime 
they extended the max imum period of the remova l operat ion to fou r  months, although, 
in practice, the average removal period has been about 1 3  weeks ( i nc lud ing two weeks 
pre-ba it ing and delays) unt i l  there has been no fu rther s ign of badger activ ity on the 
reactor land for about a week.  
How effective was removal? 
5.2.1 1 Although no badgers from gassing remova ls  were ava i lable for study, gass ing 
appeared efficient i n  remov ing a la rge proport ion of the soc ia l  group.  Once gassed, the 
sett entrances were blocked to mai nta i n  gas leve l s  with i n  the sett and to al low staff to 
see if they had been reopened . Setts were checked one and three days after gass ing :  any 
where entrances had been reopened ( i nd icat ing survival with i n  the sett and/or 
imm igration) were regassed . Trap-shy badgers and lactat ing sows (and their  cubs) were 
removed i nd i scri m inate ly, as were la rge numbers of u n i nfected badgers . 
5.2.1 2 For the clean ring and interim strategies, I ive cage trapping rather than gassing 
was genera l l y  used, a lthough, except iona l l y, snar i ng, shoot ing and nett ing were used . 
This had the advantage of provid ing carcases for scientific investigat ion .  However, 
trapping may be less effic ient at remova l due to trap-shyness and du r ing ti mes of low 
badger activ ity ( i .e. wi nter) and the period from February to Apri l ,  when lactat ing sows, 
if trapped, were re leased. Anecdotal evidence suggests that 70 - 80% of each soc ia l  
group were removed in the c lean r ing strategy. Dur ing the in ter im strategy, badgers were 
trapped unt i l  there was no fu rther sign of badger activ ity on the reactor land for about a 
week but, due to trap-shyness and changes due to migrat ion, th i s  may not ind icate that 
a h igh proportion of badgers was c leared . 
5 .3 The l ive test trial 
5.3.1  Append ix  1 5  analyses the l ive test t r ia l  and the key poi nts are summarised 
be low. The Dunnet report envisaged that a test that cou ld detect i nfection in l ive badgers 
wou ld  be avai lable by the early 1 990s (Dun net et al. 1 986, paragraph 1 1 8 ) .  The abi l ity 
to ta rget on ly  i nfected badgers for k i l l ing wou ld  m in i mise the nu mber of badgers k i l led, 
whi l st d i rectly reduc i ng preva lence of M. bovis i nfect ion and the r isk of infection to 
other badgers and avoid ing the remova l of any poss ibly immune an ima ls .  
5.3.2 U nfortunately, the l ive test can detect on average on ly  4 1 % of  tru ly  infected 
badgers, a l though some infected badgers are more eas i ly  detected than others. I n  
addit ion, the l ive test may not d i scri mi nate between i nfected and immune an ima ls  
(a lthough immun ity to  TB ,  e ither in nate or acqu i red, wh i l st strongly suspected, has  yet 
to be demonstrated in badgers) . 
5.3.3 The l ive test tr ia l  began in N ovember 1 994.  G iven the poor sensit iv ity of the 
test, the aim of the tria l  was changed from removing i nd iv idua l  i nfected badgers to 
removing a l l  badgers us ing setts where one or more i nfected badgers had been caught. 
Badgers were removed from a l l  l and used by the badgers that cou ld have caused the 
i ndex breakdown and land extend i ng out beyond this to the bou ndaries of a l l  land with 
catt le herds considered to be at r isk from these badgers (mean a rea about 1 2km2) .  
5.3.4 Low trapping effi ciency coup led with poor test performance made i t  l i ke ly  that 
many setts occup ied by infected badgers were incorrectly d i agnosed as being free from 
i nfection, even in extreme cases where there were many infected badgers with v is i ble 
lesions, which are more eas i ly  detected by the l ive test. F igure 5 . 1  shows that, even with 
a h igh  prevalence of M. bovis in fect ion of 50%, with a l ive test sensitiv i ty of 4 1 %,  at 
least three badgers wou ld  have to be caught in order to have a 50% chance of detecting 
infection with in the sett. With a preva lence of 30%, about five badgers wou ld need to 
be trapped to ach ieve the same probabi l ity of detect ing infection i n  the sett. As on ly  one 
trapping week ( i .e. fou r  trapping n ights) was used to determ ine the i nfection status of 
badgers using a sett, often on ly  one or two badgers were caught at each sett. This made it 
u n l i kely that an infected badger wou ld be caught, even when there was a high prevalence 
of i nfection among the badgers us ing the sett; and even when i nfected badgers were 
caught, there was sti l l  a h igh probabi l ity that they wou ld  not be detected by the l ive test. 
5.3.5 G iven the poor performance of the l ive test, even at the sett leve l ,  a surpr is i ngly 
high proportion of setts (39 out of 1 96 or 1 9 . 9%) were fou nd to be used by infected 
00 c 
:0 "' 
..0 
0 
et 
0 . 2  
0 . 1  
0 +-�,--.--�--.---,--.--�--.-------. 
2 3 4 5 6 7 8 9 1 0  
N umber of badgers trapped out of a sett of 1 0 
--- 30% prevalence 
-+- 50% prevalence 
Figure 5.1 - The probability of obtaining at least one positive ELISA test from sampling a subgroup of ten 
badgers given an infection prevalence of 30% or 50%. 
badgers. In v iew of the low average nu mber of badgers trapped per sett, this figu re is  
l i kely to be conservative and suggests that preva lence with in setts may be extremely h igh .  
5.3.6 Another d ifficu l ty i n  the tria l  design was that i t  d id  not take account of  badger 
territor ia l ity. Targeting i nd iv idua l  setts rather than soc ia l  groups, wh ich often occupy 
several setts, r isks part ia l  removal of soc ia l  groups and the changes i n  behaviour 
descri bed i n  paragraphs 3 .6 .6 to 3 .6 .8 .  During the l ive test tria l ,  58% of soc ia l  groups 
were only partia l l y  removed . 
5.3.7 The l ive test tr ia l  i nvo lved considerably more staff resources than the i nter im 
strategy ( 1 1 8  person d ays compared to 77 person days, see Appendix  1 6) .  As a 
consequence, the mean du ration of badger investigations in England increased from 
1 6 .7  weeks in 1 994 to 2 1 .2 weeks i n  1 995 .  The need to trap and test badgers enta i l s  a 
longer delay from herd breakdown to the beg inn ing  of the remova l operat ion than 
under the i nteri m strategy. However, the removal period itse lf  was relative ly short. 
5.3.8 Despite the extra investment of staff resources to assess infection status, as 
Table 5 . 2  shows, the prevalence of M. bovis i nfection in badgers cu l led u nder the ' l ive 
test treatment' was not s ign if icantly d i fferent from that in the ' no l ive test' operat ions 
(these were the ' i nter im'  operat ions which acted as experi mental contro ls  i n  the tria l  
area) .  Th i s  ind icates that  the presence of  badgers on the reactor land or breakdown farm 
is  as good an ind icator of infection as removal of badgers from infected subgroups of 
badgers from part icu lar  setts. The i nterim treatments in the tria l  show a h igher 
prevalence than other i nter im treatments. This may be because the l ive test tr ia l  
focussed on areas of h igh herd breakdown rates, and hence possib ly areas of h igh TB 
preva lence i n  badgers. 
Clean ring strategy 
Total badgers caught 656 
N umber infected 334 92 446 76 66 
% i nfected (95% 1 4 .2  1 4 .0 1 8 . 7  1 7 .2 37 .5  
confidence i nterval) 1 ( 1 2 .8-1 5.6) ( 1 1  .4- 1 6. 7) ( 1 7 . 1 -20.2) ( 1 3 .6-20.7) (30.3-44.7) 
Table 5.2 - Number of badgers removed by MAFF during badger removal operations (BROs) and 
maintenance periods and the prevalence of infection under different control strategies. 
89 
3 4 . 1  
(28.3-39.9) 
5.3.9 The l ive test tria l  was su spended in September 1 996 before enough data had 
been col l ected to determ ine whether there had been any sign ificant effect on herd 
breakdown rate. The tri a l  had poor stat istica l power: the l ive test treatment wou l d  have 
had to red uce the breakdown rate by 50% or more compared to the 'no I ive test' 
treatment over a five-year period in order for an effect to be l i kely to be detected . The 
fact that no farms were a l located to a 'no cu l l i ng' strategy, made it even more d ifficu l t  to 
assess the effects of the I ive test treatment. 
5.3.1 0 As the preva lence of M. bovis infection in l ive test treatments was not 
s ign if icantly d i fferent from the 'no l ive test' remova ls, the on ly  advantage that the l ive 
test treatment may have had over the i nter im strategy was the la rger a rea of remova l .  
5.3.1 1 The design of the l ive test tr ial cou ld be improved in two main  ways: setts 
cou l d  be aggregated i nto soc ia l  groups and more badgers cou l d  be trapped and tested . 
Aggregating  setts in to soc ia l  groups resu lts in a lower r isk of part ia l ly  removing  soc ia l  
groups but  resu lts in  on ly  a modest increase i n  the chance of detecting i nfect ion.  A 
longer period of removal wou ld resu l t  i n  a s im i lar ly modest i ncrease i n  the chance of 
detect ing infection but wou l d req u i re great ly increased staff resou rces. We therefore 
conclude that the l ive test does not prov ide the basis for a cost-effective control strategy. 
5.4 What was the effect of the control strategies on the 
prevalence of TB in badgers and on herd breakdowns? 
5.4.1 Table 5 .3 summarises what is  known about the patterns of TB infection in badgers 
and cattle dur ing the various control strategy periods. Section 4 .3  exp la ins the factors 
which obscu re the trends in the preva lence of TB in badgers and i n  herd breakdown 
rates. Th i s  section assesses in more deta i l  the ava i lable evidence on the effect of the 
control strateg ies on the prevalence of TB infection in badgers and on herd breakdowns. 
5.4.2 None of the contro l strateg ies have been assessed in a proper ly designed 
experiment to estab l i sh  their  efficacy. Whi l st removal operat ions may have had an effect 
on the prevalence of TB in badgers and on herd breakdowns, other factors may a l so 
Control strategy Patterns of TB infection in badgers Patterns of herd breakdowns 
Gass i ng 
( 1 975- 1 98 1 ) 
Clean r ing 
( 1 982-Apri l  1 986) 
Interim 
Uune 1 986-present) 
Live test tr ial  
(from November 1 994 
to September 1 996) 
No data from removed badgers. 
Prevalence in badgers sampled prior 
to removals  high. 
Road traffic accident prevalence fa i rly  
stable. 
Recolonis ing badgers had s imi lar 
levels of T B  infection to removed 
badgers. 
Prevalence of removed badgers higher 
than background prevalence. 
Prevalence of infection i n  removed 
badgers higher than in clean ri ng. 
Recolonis ing badgers have a s imi lar  
prevalence of TB to removed badgers. 
Road traffic accident prevalence 
relatively stable. 
Prevalence i n  badgers removed i n  l ive 
test treatments not sign ificantly 
d i fferent to those removed i n  'no l ive 
test' treatments. 
Cattle breakdown rate fel l .  
Reoccurrence o f  breakdowns on 
controlled farms fel l .  
I n  large areas o f  effective removal ,  
such as Thornbury, breakdowns were 
fewer for ten years after removal . 
Cattle breakdown rate low. 
Reoccurrence of breakdowns on 
controlled farms low but not as low as 
under gassing. 
I n  large areas of effective remova l, 
such as Hartland, breakdowns were 
fewer for many years after removal .  
Breakdown rate i ncreas ing. 
More larger breakdowns. 
More NVL breakdowns. 
More breakdowns in areas without a 
h istory of TB i nfection. 
Reoccurrence of breakdowns higher than 
for clean ring and gass ing strategies. 
Not enough statistical power to detect 
a sign ificant d i fference. 
Table 5.3 - Patterns of TB infection in badgers and cattle by control strategy. 
have infl uenced these. In  the absence of scientific contro l s, it is not possi b le to separate 
out the effects of badger removal from these confounding factors. 
TB prevalence in MAFF-taken badgers 
5.4.3 No i nformation on TB prevalence is avai lable for badgers k i l led du ring gass ing 
operations because carcases were not ava i lable for post-mortem exami nation.  However, 
i nformation is ava i l able for badgers that were sampled to assess the infection status of 
soc ia l  groups: between 1 975 and 1 98 1  preva lence fel l  from 24% to a round 1 0% (see 
Append ix 1 0). lt is un known whether samp l i ng du ring th i s  t ime was consistent :  if not, 
th i s  d rop cou ld be an artefact of sh i fts in samp l i ng. 
5.4.4 Trappi ng, as used in post-gass ing strateg ies, has the advantage that removed 
badgers a re ava i lable for post-mortem. In Table 5 .2  the total badgers caught and the 
nu mber i nfected during removal and any mai ntenance stages are shown for the clean ring 
and interim  strateg ies and for the two l ive test tria l  treatments ( ' l ive test' and 'no l ive test' 
i .e. ' i nter im' treatment). The prevalence was h igh  (h igher than in road traffic acc ident 
badgers), w i thout any sign ificant d i fference between preva lence i n  the mai ntenance 
stages and that in the removal operations. Th is  suggests that i nfected badgers must have 
moved into the area and/or that u n i nfected badgers acqu i red infection after moving in .  
5.4.5 The data on preva lence of M. bovis i nfection in badger remova l s  (see F igure 
4 .4  and Appendix 1 0) i nvolve badgers main ly  from the areas of herd breakdown c lusters 
in South-West England.  They show that TB prevalence increased dur ing each control 
strategy, a lthough incons istent sampl ing cou ld in theory be responsib le for this pattern . 
The prevalence has risen from 1 978 onwards, with two peaks in 1 988 and 1 993 .  Although 
prevalence is  h igher du r ing the in terim strategy compared to the clean ri ng, th i s  may 
reflect the l a rger number  of u n i nfected badgers removed as part of the c lean r i ng 
strategy rather than the control strategies havi ng d i fferent effects on badger prevalence. 
TB prevalence in road traffic accident badgers 
5.4.6 F igure 4 .5  and Appendix 1 1  show the proportion of road traffic acc ident badgers 
i n fected with M. bovis from 1 9 72 to 1 996 in England and Wales. Before 3 August 1 99 1 , 
when the road traffic su rvey ceased, prevalence was fa i r ly constant over ti me, and 
cons istent ly h igher i n  South-West Eng land.  
5.4.7 Prevalence in  road traffic accident badgers before 1 99 1  is  genera l ly m uch 
lower than preva lence in MAFF-taken badgers . After cessation of the national  road 
traffic acc ident survey in 1 99 1 , road traffic acc ident badgers were usua l l y  submitted 
on ly  from a reas of herd breakdowns: preva lence then increased and became s im i l a r  to 
that detected in MAFF operat ions.  The sma l l  number of datapo ints from the road traffic 
su rvey, and the biases after 1 99 1  in the way in which road traffic accident badgers were 
sampled ,  make it very d i fficu l t  to assess whether badger remova ls  are associated with a 
cha nge in the preva lence of i n fect ion,  and hence whether d i fferent control strategies 
had d i fferent effects on prevalence. However, i t  i s  c l ear that prevalence of M. bovis 
i n fection was genera l l y  h igh in areas of h igh breakdown rates. 
Herd breakdowns 
5 .4.8 F igure 1 . 1 and Append ix  2 show the proportion of total herds with confi rmed 
and unconfi rmed breakdowns from 1 962 to 1 996 in South-West England and in the rest 
of England and Wa les .  Before the gass ing strategy i n  1 9 75, the proport ion of herds with 
breakdowns in  South-West England was fa i r ly constant (at a round 1 .5% per yea r i n  the 
l ate 1 960s and ear ly 1 9 70s) whereas the proportion of herds with breakdowns in the 
rest of England and Wales fe l l  from 1 .45% in 1 962 to 0 .25% in  1 9 7 5 .  
5.4.9 Dur ing the gass ing  strategy, the proportion o f  herds with breakdowns in South-
West England fe l l  from 1 . 65% in 1 9 75 to 0.4% in 1 9 79. Although in 1 976, the risk of 
i m port ing i nfected catt le in to G reat B rita i n  from I reland was reduced, most imported 
catt le go to North-East England and Scot land.  These data are consistent with (but do not 
prove that) the gass ing strategy having been effective in reduc i ng herd breakdown rates. 
5.4.1 0 During the clean r ing ( 1 982 - 1 9 86) and i nter im ( 1 986 to present) strategies, the 
proportion of herds with breakdowns has risen in both South-West England and the rest 
of England and Wa les. South-West England showed the greatest absol ute increase (2 .0% 
for South-West England, 0 .44% for the rest of England and Wa les) but the rest of 
England and Wales showed the greatest relat ive increase (a 4 .6  fo ld  i ncrease i n  South­
West England, a 7.3 fold increase for the rest of England and Wales) du r ing the period 
1 982 - 1 996.  However,. the fact that breakdowns increased does not necessari ly mean 
that these strategies were ineffective. We have no data on the number of breakdowns 
there wou ld  have been without them. 
Recurrence of TB in individual herds 
5.4. 1 1 Repeated breakdowns in a herd are i nfreq uent apart from in certa i n  areas. 
F igure 4.2 shows the location of herds in G reat B rita in  that had more than one break­
down from 1 98 7  to 1 99 1  inc lus ive and from 1 992 to 1 996 inc lus ive. Of those herds 
that suffered breakdowns, on ly  9 .8% (for the period 1 98 7 - 1 99 1 )  and 1 6 .5% (for 1 992 -
1 996) had more than one breakdown (an average of 1 4 .6% for the period 1 98 7  - 1 996) .  
These recurrent breakdowns are found mostly in certa i n  areas in South-West England. 
5.4 .1 2 The average t ime taken for 20% of herds that had badger remova ls to suffer 
another breakdown is shown in Table 5 .4 .  Recurrence was least frequent in the gass ing 
strategy, and most frequent i n  the pre-gassi ng period and d ur ing the i nteri m strategy. 
Although it is tempting to specu late that the gass i ng strategy had the greatest effect i n  
reduc ing the r isk o f  herd breakdown, many other factors cou ld have changed over the 
l ast twenty years that may a l so have had an effect on this r isk .  
Pre-gassing 
Gassing 
Clean r ing 
I nteri m 
Mean time for 20% of herds 
Period over which analysis to experience a reoccurrence 
was performed of reactors (years) 
1 966 to 1 9 73 
1 9 75 to 1 98 1  
1 982 to Apr i l  1 986 
June 1 986 to 1 99 1  
2 
6 .6  
4 .3  
2 
Table 5.4 - The mean time for 20% of those herds that (a) had reactor cattle and (b) that had some form 
of badger control (gassing, clean ring and/or interim) in the period 1 975-1 991 to experience a recurrence 
of reactors. 
Note: for the pre-gassing period, data are ava i lable only for herds which underwent badger control in 1 9 75 
or thereafter. 
Source: Wilesmith et al. 1 993.  
Outbreaks of TB in contiguous farms 
5 .4. 1 3 Although most farms do not suffer recurrent breakdowns, many brea kdowns 
occur  contiguous to other breakdowns. The breakdown rate in contiguous herds has 
increased from 1 987 to 1 996. Although this suggests that the interim strategy is  i neffective 
in prevent ing an increase in contiguous breakdowns, it does not te l l  us the effect of the 
i nteri m strategy on contiguous breakdown rates as we have no data on what the 
contiguous breakdown rates wou l d  h ave been if there had been no i nterim strategy. 
5.5 Prospects for fert i l ity control as a TB control strategy 
5 .5 . 1  I n  terms o f  a n i ma l  welfare, fert i l ity control wou ld probably b e  more acceptable 
than cu l l ing as a strategy to control TB in badgers. it m ight a l so cause l ess soc ia l  pertur­
bat ion .  If the preva lence of TB in badgers were dens ity-dependent, then contro l l ing 
badger fert i l ity might, i n  pri nc i ple, reduce preva lence as effective ly  as cu l l ing. However, 
it has some s ign ificant prob lems.  
5.5 .2 Fert i l ity control i s  most l i kely to be effective if targeted at fema les i n  the later 
stages of pregnancy (Macdonald et al. 1 996 ;  Tuyttens and Macdonald,  in press a ;  
Tuyttens and Macdona ld ,  in  press b ) .  Si nce del ayed implantation a l lows females to 
conceive at any t ime between February and November (see paragraph 3 . 3 . 1 2) ,  agents 
wh ich d i srupt ovu l ation wou ld have to act over ti mescales of many months. In contrast, 
the gestation period is short and its t im ing is relatively easy to pred ict. 
5.5.3 The cheapest and most effective way of ad m i n i steri ng fert i l ity control agents 
wou ld  be to p lace them in ba its fed to badgers. Severa l chemoster i lants are ava i lab le 
which can be given oral ly. However, si nce these produce abort ion by i nterfer ing with 
fema le  reproductive hormones, they wou ld a l most certa i n ly be u nsu i tab le for use on 
land grazed by catt le.  Furthermore, ba i t  uptake m ight be low during  pregnancy because 
badgers feed l i ttle  dur ing the wi nter. 
5.5.4 Even if they cou ld be ad m i n i stered safely, it is doubtfu l whether chemosteri l ants 
cou ld substanti a l l y  red uce popu lat ion dens ity. If  79% of females were pregnant (based 
on u ltra-sound scann i ng data from Wytham), if 80% of pregnant females consu med the 
ba its (an opt im ist ic figu re based u pon bait uptake tr ia l s  carried out i n  the Republ ic  of 
I re land), and if th is  triggered abortion i n  80% of them (based upon tr ia ls of 
chemosteri l ants in cats and dogs), then 28% of females wou l d  sti l l  ra ise cubs u nder a 
ferti l ity control strategy. Th i s  figu re is not su bstanti a l l y  smal ler than the 3 1 -58% of 
females that show signs of havi ng ra ised cubs in study popu lat ions (Table 3 .3 ) .  Si nce 
both the proportion of fema les breed ing, and the su bsequent survival of the i r  cubs, are 
re lated to badger dens ity (see 3 . 3 . 1 4  and 3 . 3 . 1 5) ,  it seems l i kely that badger popu lations 
wou Id  compensate rap id ly  for ferti I i ty control at this level . 
5.5.5 Epidem iological mode ls  suggest that fert i l ity control cou ld  reduce the number 
of tubercu lous badgers i n  a popu lat ion, but they show that cu l l ing is  more effective 
(Sw i nton  et al. 1 997) .  Th is  i s  because cu l l ing removes an imals  of a l l  ages, infected and 
suscept ib le, wh i le fert i l ity control removes on ly  suscept ib le cubs. 
5 .5 .6 We conclude that, despite its apparent advantages, fert i l ity control appea rs to 
have on ly  l i m ited va l ue as a potent ia l  contro l strategy to manage TB i n  badgers and that 
research in this area should not therefore have a h igh priority. 
5 .6 A scientific approach to futu re control strategies 
5.6.1 Desp ite strong c i rcu mstant ia l  evidence that badger c u l l i n g  may reduce herd 
breakdown rates, there has been no proper experimental study to enable conclus ions  to 
be d rawn about the effectiveness, and a l so cost-effectiveness, of the d i fferent c u l l ing 
strategies. The only attempt at such a study, the I ive test tr ia l ,  was term i nated after less 
than two years. As Appendix 1 5  makes clear, there were serious flaws in the trial des ign .  
5.6.2 No cu l l ing has been appl ied i n  G reat Brita i n  on ly  at  Woodchester Park where 
there has been no cu l l ing at al l s i nce 1 9 79. Here the mean annua l  herd brea kdown rate 
d u ring the period 1 986 to 1 996  was 5 .6% compared wi th 3 . 1 % in the surround ing 
areas where the i nterim  strategy was i n  force. These figures approach but do not reach 
stat ist ical s ign ificance as the sample size is  smal l .  Fu rthermore, Woodc hester Park may 
be an atypical  area. There is ,  therefore, no scientific basis for assess ing the impact e ither 
of cu l l i ng or no c u l l i n g  strategies. 
5.6.3 We recom mend that the efficacy of cu l l i ng  shou ld be eva luated experimenta l ly  
i n  designated areas. We propose that three strateg ies shou ld  be compared : 
( i )  a reactive strategy, which i ncorporates lessons learnt from previous 
strategies; 
( i i ) a proactive strategy, where badgers are c leared from areas before any 
brea kdown ; and 
( i i i )  a no culling strategy. 
These approac hes are exami ned further below. 
The reactive strategy 
5.6.4 Based on our  analys is  of past strategies we recommend that the reactive strategy 
should a im to remove a l l  badgers, i nc l ud ing lactat ing sows (see paragraph 3 .6 .5 ) ,  from 
a l l  soc ia l  groups, part or the whole of whose territory inc l udes the breakdown farm 
(or the reactor land,  if it can be r igorous ly  identif ied ) .  Removal operat ions shou ld be 
ca rried out i n  response to a l l  breakdowns on l and a l l ocated to the reactive treatment. 
5.6.5 G iven that prox im ity to the breakdown herd is assoc iated with h igh leve l s  of 
M. bovis infection in nearby badgers, and that i n fection is h igh ly  c l u stered i n  badgers, 
th is  reactive strategy wi l l  remove many in fected badgers . Complete removal of soc ial  
groups w i l l  avoid any potent ia l  problem of pertu rbation associated with part ia l  remova l .  
Such remova ls  may not on ly reduce the r isk of recu rrent breakdown i n  the herd, but a l so 
have some pre-emptive effect on reduc ing herd breakdown rates i n  contiguous herds. 
5.6.6 Soc ia l  group boundaries should be determ i ned us ing a l l  ava i lable i nformation . 
Bait-mark ing is desirable as it is often accu rate, a l though d ur ing t imes of low badger 
activity or over la rge areas, bait-marking can be u n rel iable or too ti me consuming. I n  
these cases, posit ions of  ma in  setts coupled w i th  field worker experience should be 
used . A s imp le geometrical method (the so-ca l led 'tesse l l at ion'  method) of attr ibut ing 
outl ier setts to main setts in order to determ ine socia l  groupi ngs is  described i n  
Appendix  1 4 . Whi le  other factors, such a s  topology, may have to be taken i nto accou nt, 
such s imple methods provide a qu ick and easy start ing poin t  to help m i n i m i se the delay 
between the breakdown and the beg inn ing of the remova l operat ion . Ta rgets should be 
set and mon itored to reduce the long del ays between herd breakdowns  and the start of 
removal operat ions.  
5.6.7 The removal period should be long enough and the removal method effic ient 
enough to ensure that al l  of the soc ia l  groups that had access to the reactor land or  
breakdown farm are removed . Data from the c lean r ing and i nteri m  strateg ies suggest 
that no more than fou r  months wou ld be needed to ensu re c learance of the local 
badger popu l ation .  
5.6.8 Although trapping is  the method used most commonly i n  Eng land and Wales, it 
may not be an effi cient method of remova l ,  espec ia l l y  at certa i n  ti mes of year when 
badger act iv ity is  low and in areas where trap-shyness is  com mon.  Alternative methods 
of removing badgers, such as captu re us ing stop-snares, should be consi dered u nder 
these c i rcumstances, espec ia l l y  as th i s  method ( u n l i ke shooti ng  away from setts) a l lows 
attri bution of badgers to certa i n  setts. Efficacy, cost and welfare considerations should 
be taken in to accou nt in  cons ider ing a l ternative methods. 
5 .6.9 G iven the re lative ly sma l l  a rea of clearance ( l i kely to be of the order of 1 Okm2), 
recolon isation is  l i kely to be rap id .  Long-term prevention of recolon i sation (such as  that 
imp lemented i n  the gass ing and clean r ing strateg ies) wou ld  be des i rable to prevent 
re infection with M. bovis, ei ther through infected badgers imm igrat ing i nto the removal 
a rea and/or u n i nfected imm igrants acqu i ri ng  infection from pers ist ing environmental 
bacter ia i n  setts. However, the advantages have to be ba lanced agai nst the su bstant ia l  
costs invol ved in revis i t ing and c lear ing previous ly c leared areas. We therefore 
recommend that the exact fo l low-up period should be fu rther considered when the 
deta i led experimenta l  design is  d rawn up. I n  any event, given the lack of data on 
reco lon isation ti mes, we recommend fu rther research on th i s  i n  areas subject to the 
reactive and proactive control strategies. 
The proactive strategy 
5.6.1 0 Widespread clearances in areas such as Thorn bury and Hart land were fo l lowed 
by la rge reductions in the herd breakdown rate (see paragraphs 2 . 5 . 6  to 2 . 5 . 1  0). A 
proactive strategy wou l d  s im i l a r ly i nvo lve badger remova l operations over an area of 
1 Okm by 1 Okm with a h i story of h igh herd breakdown rates. Its a i m  wou ld be to prevent 
a l l  badger-related breakdowns in the v ic in ity. 
5.6.1 1 Although such an approach wou ld involve a large amount of surveyi ng (with 
two to th ree person days requ i red to su rvey 1 km2), this cou ld be done dur ing the wi nter 
when trapping effic iency is low. Removals  cou ld  then commence as soon as trapping 
effic iency is h igh .  I n it ia l ly, h igh staff resources wou ld  be requ i red to c lear the designated 
areas. I n  subsequent years, fewer staff resou rces wou ld  be needed (as reco lon isation 
wou ld  be relat ively slow due to the la rge edge effects). l t  wou ld  be necessary to dea l 
with renewed badger popu lations after two to three years to ensure the area remai ned 
c lear. In add it ion the a rea wou ld  need regu lar  mon itor ing for badger activ ity after the 
clearance. We env isage farmers cou ld  he lp with such mon itoring. Focuss ing on the 
edges of the control area rather than regu lar ly re-su rvey ing the whole area cou ld red uce 
resou rce costs. 
5.6. 1 2 I f  badgers cause a substant ia l  proportion of herd breakdowns in the experimenta l 
a rea, a proactive strategy wou l d  g ive the earl iest ind ication of th i s .  Analys is  of the data 
from the proactive strategy, and comparing th i s  with the data from the no c u l l i ng 
strategy, wi l l  a l l ow the esti mation of the maximum poss ib le  impact of badger 
management on herd breakdown rate. 
The no cull ing strategy 
5.6.1 3 A no cu l l ing strategy is necessary : 
( i )  to estab l i sh the  effects of no  cu l l i ng; and 
( i i ) to act as a contro l  for the two cu l l i ng strategies (reactive and proactive) . 
The proactive and no c u l l i ng strategies are essent ia l  e lements of any experiment to 
establ ish the efficacy of cu l l i ng .  They provide benchmarks showing the m i n i m u m  and 
max imum effects of badger removal agai nst which the effectiveness of the reactive 
strategy can be compared in numerical  terms. l t  i s  therefore in the interests of farmers 
that these elements of the experiment a re inc l uded and properly implemented (see 
paragraph 5 . 6 .37) .  
Management of the experiment 
5.6.1 4 We recommend that an i ndependent expert group (hereafter referred to as the 
Expert G roup), inc lud ing stat ist ic ians and mathematical epidemio log ists, should be 
estab l i shed to oversee the deta i led experi mental des ign. They should a l so monitor the 
progress of the experi ment and regu la rl y  review the data (b l ind ,  to the extent possi ble) : 
( i )  to j udge if the exper iment is  show i ng sign ificant d i fferences between the 
three treatments; and 
( i i )  to determine an appropriate stopping point in  l i ght o f  the need for 
quantitative as wel l  as qua l itative resu Its. 
5.6. 1 5  Another key fu nction of the Expert G roup wou l d  be to mon itor the TB si tuation 
in  areas outside the experiment and make recom mendations on whether any new a reas 
should be rec ru i ted into the experiment. 
How are the control areas to be al located? 
5.6 .1 6 The three strategies should be assigned random ly to avo id a ny bias in selection 
lead ing to i n herent d i fferences between the th ree treatment grou ps. They should a l so be 
assigned to re lat ively l a rge areas to reduce interference between d ifferent strategies . 
G iven lack of knowledge about the re lative effects of each of the th ree treatments, eq ua l  
numbers of  a reas shou ld be assigned to each of  them . If poss i ble, natural barriers shou ld 
be used to separate the d i fferent areas. 
5.6. 1 7 S i nce the a im of the reactive strategy is to reduce the r isk of future breakdowns 
in both the breakdown herd and contiguous herds, i t  is I i ke ly  to be most effective, and 
hence should be tested in areas, where either:  
( i )  i nd iv idua l  herds often have recu rrent  breakdowns; and/or 
( i i ) the r isk of contiguous breakdowns is h igh .  
These two features are pr imari ly restricted to certa in areas with very h igh herd 
breakdown rates with i n  South-West England.  The effect of the proactive strategy (which 
a ims to e l i m i nate a l l  breakdowns caused by badgers, not j ust recu rrent or contiguous 
breakdowns) w i l l  a l so be greatest (and hence most read i l y  assessed) with i n  these areas 
of h igh  breakdown rates. 
5.6 .1 8 In places where breakdowns occur  i nfreq uently and/or far apart reactive cu l l ing 
is  not  l i ke ly to be effective. Nor do we consider that the proactive strategy cou ld be cost­
effectively tested i n  such areas. As the ana lys is  i n  Chapter 4 shows, the h i story of break­
downs in an  area is  a re l i able ind icator (the most rel i able that we have) of futu re r isk .  
We therefore conclude that the experiment should target those areas at h ighest r isk of 
contiguous and repeated herd breakdown identified from ana lys is of the ava i l able data. 
5.6. 1 9 The Expert Group shou ld fi na l l y  determ ine the areas to be inc l uded in the 
experi ment, having carried out a sensiti vi ty ana lysis to fu rther test the assumptions used 
i n  the approach suggested below. One approach wou ld  be to identify the h ighest r isk 
areas us ing the fo l lowing  criteria appl ied to h i storic data. 
( i )  We defi ne contiguous breakdowns as ones occu rri ng on or near (with in 
3km of) an index breakdown .  We consider th is  to be the max imum 
d i stance over wh ich  contiguous breakdowns are l i ke ly  to  be caused by  the 
same soc ia l  group of badgers. 
( i i ) Repeat breakdowns are defi ned as ones occ u rr ing on  the same farm wi th i n  
a five yea r period of an  index breakdown.  We est imate th i s  period is  the 
max imum length of time over which the reactive strategy may have an effect. 
5.6.20 Add i ng up the number of repeat and contiguous breakdowns i n  an area, 
gives an  est imate of the maximum poss ib le  impact of the reactive strategy with two 
important caveats. 
( i )  Not a l l  recu rrent or contiguous breakdowns are l i kely to be caused by 
badgers and clear ly these wou ld  not be prevented by any of the 
proposed strategies. 
( i i ) The reactive strategy is u n l i kely to be 1 00% effective in reducing the break-
down rate in the index and contiguous herds for the whole five year period . 
We suggest that 1 Okm by 1 Okm squares ( 1  00 km 2) are appropriate areas over which to 
aggregate the breakdowns, and that data on breakdowns from the most recent five year 
period ( i .e.  1 992 to 1 996 i nc lus ive) should be used to determ ine the areas which meet 
the criteria set out in paragraph 5 .6 . 1 9 .  
5.6.21 lt i s  essenti a l  that a suffic ient ly la rge area i s  inc l uded i n  t h e  experiment to 
provide the necessary stat ist ical power and hence resu l ts with in an acceptable t i me­
sca le. A m i n i m u m  of 30 1 Okm by 1 Okm sq uares should be inc luded . 
N umber of repeat/contiguous 
breakdowns per square 
• 1 6  to 58 ( 1 6) 
• 9 to 1 5  ( 1 5) 
• 6 to 8 ( 1 6) 
Figure 5.2 - Repeat and contiguous breakdowns, grouped in 1 Okm by 1 Okm squares, 1 992 to 1 996 (inclusive). 
Repeat and contiguous breakdowns are breakdowns that occu r  within a defined period (here, 1 99 2  to 1 996) 
and with i n  a defined d istance from an index breakdown. 
5.6.22 F igu re 5 .2  shows the location of 1 Okm by 1 Okm a reas i n  Great Bri ta i n  wh ich  
have suffered s ix  or more repeat and/or contiguous breakdowns over the 1 992 to  1 996 
period . The red squares dep ict the 1 6  squares which suffered most (between 1 6  and 58) 
repeat and/or contiguous breakdowns over that period and which wou ld therefore be 
considered the h ighest r isk a reas. The 1 5  green squares are those which suffered 
between n i ne and 1 5  such breakdowns; and the 1 6  b lue sq uares each had between 
s ix and eight such breakdowns. 
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Figure 5.3 - The number of repeat and contiguous breakdowns (1 992 to 1 996) for a given area. 
5.6.23 F igure 5 . 3  shows the area that wou ld  have to be inc l uded in the experiment to 
cover a given number of the tota l 966 repeat/contiguous breakdowns wh ich  occu rred 
over 1 992  to 1 996.  Thus, 49% of such breakdowns wou l d fa l l  i n  the 1 6  h ighest r isk 
squares; 67% in  31 squares; 78% in 47; and 96% wou ld occur in 1 02 squares. I n  other 
words, there is  a curve of d i m i n i sh ing returns:  a great many addit ion a l  sq uares have to 
be added substantia l l y  to increase the coverage beyond 67%. We do not consider that 
either the resource costs or the effect on  badger popu lations of such a la rge experi mental 
area wou ld be ju stified . 
5.6.24 The Expert G roup wi l l  need to weigh these issues i n  fi na l l y  determ i n i ng 
prec isely which areas should be inc luded once the fu rther ana lys i s  referred to above 
(paragraph 5 .6 . 1 9)  has been completed .  'New' herd breakdown areas without a h i story 
of herd breakdown are, of cou rse, not identified by our  analys is .  We recom mend that 
the Expert Group shou ld consider whether there is suff icient evidence that any of these 
m ight represent a h igh, ongo i ng r isk of herd breakdowns and, if so, whether they shou ld 
be enrol led i nto the experi ment. 
Timescale for the experiment 
5.6.25 If the Govern ment accepts the recom mendation for an experiment, we 
recommend that th i s  should be imp lemented im med iately. We expect that the proactive 
strategy may show a sign ificant effect in reduc ing herd breakdowns in a t imesca le 
considerably shorter than five years if a su bstant ia l  proport ion of breakdowns is  i ndeed 
cau sed by badgers . However, a l though qualitative resu l ts may be avai lable after a 
couple of years, the longer period wou l d  be necessary to make fu l l  quantitative 
assessments with acceptable confidence i nterva l s  to serve as a basis for futu re po l icy. 
5.6.26 F igure 5 .4 i l l u strates the ti me i t  wou ld take for the experiment to have a 90% 
chance of detecting  a given percentage reduction in the breakdown rate for d i fferent 
base l i ne breakdown rates in the control area. For example, assu m ing that: 
( i )  50 breakdowns occur  i n  the no cu l l i ng  areas in tota l ,  
( i i ) 50% or more of herd breakdowns i n  the experi mental area are caused by 
badgers, and 
( i i i )  the proactive strategy removes a l l  badgers, 
an effect of the proactive strategy cou ld be seen with i n  the fi rst year of the experiment. 
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Figure 5.4 - The number of years required for the experiment to have a 90% chance of detecting a given 
percentage reduction in the breakdown rate for different baseline breakdown rates in the control area. 
5.6.27 The impact of the reactive strategy wou ld  take longer to assess for several 
reasons. In the reactive strategy, breakdowns have to occur  before control i s  implemented, 
thus delaying control and narrowing the d i fference in breakdown rates between the no 
cu l l  and reactive strategy a reas. If badgers a re the primary cause of breakdowns, the 
reactive strategy is  u n l i ke ly to be as  effective as the proactive strategy in  red ucing the 
herd breakdown rate because there wi l l  be more rapid reco lon isat ion.  However, even if 
the reactive strategy can red uce breakdown rates by on ly 20% re lative to the no cu l l  
areas, th is  effect should be detected with in  five years for the m in imum recom mended 
area of the experiment ( i .e. 30 1 Okm by 1 Okm sq uares). 
Effect on badgers 
5 .6.28 We est imate that the tota l nu mber of badgers k i l led over the five years of the 
experiment is u n l i ke ly to be su bstantia l l y  d i fferent from the number removed if the 
i nter im strategy were to be cont inued . Moreover, it is l i ke ly  to be su bstanti a l ly fewer 
than the nu mber k i l l ed by road accidents over the same period . However, inevita bly, 
the proposed strategy wou ld initially involve k i l l i ng more badgers than u nder the 
cu rrent inter im strategy. Th i s  i s  a d i rect effect of the proactive strategy which req u i res 
total badger remova l i n  the fi rst year from the designated proactive areas. 
5 .6.29 Assuming that 1 0  proactive treatment areas of 1 00km2 each are cleared, and 
that badger dens ity in  these areas is  f ive per km2,  5 ,000 badgers wou ld  be removed in 
this strategy in  the fi rst year. Assu ming that 50 breakdowns  in total occur  in  the 1 0  
reactive treatment areas, and that an area of 1 Okm2 is  removed per breakdown, th i s  
treatment m ight remove 2, 500 badgers . Thus about  7,500 badgers mi ght be removed in  
the fi rst year of  the experiment. Wh i l st th is  i s  many more than the number of badgers 
removed in remova l operations in Great B ri ta i n  in 1 99 6  (about 2 ,000 badgers) th i s  
constitutes on ly  a rel atively sma l l  proportion of  the  total badger popu lation and  i s  l i ke ly 
to be many less than the number k i l l ed in  road accidents (see paragraph 3 .6 .2 ) .  
5.6.30 In su bsequent years, we estimate that the numbers removed wi l l  fa l l  d ramatica l ly. 
Few badgers wi l l  be removed after i n it ia l  c learance in the proactive treatment areas 
given the low recolon i sation rates i nto such large areas. As regards the reactive strategy, 
the number  of badgers removed depends on the under ly ing breakdown rate and the 
effi cacy of the strategy. Assu ming that 25 breakdowns per year occur  in the reactive 
areas after the fi rst year of the experiment, approx i mately 1 ,250 badgers wou ld be 
removed each year. We recommend that the nu mber of badgers removed each year is  
c lose ly mon itored by the Expert G roup and that these data should be used in  eva l uat ing 
the resu l ts of the exper iment (see paragraph 5 .6 .33 ) .  
Evaluating the results 
5 .6.31  At the end of the five yea r period of the experiment, and provided a scientifica l ly  
based experi mental design is  adhered to, we wou ld expect to have c lear  evidence on 
the role  of the badger i n  transm ission of TB to catt le .  There wou ld  a l so be adequate 
quantitative data to enable a fu l l  cost-benefit analysis of the d i fferent strategies, inc lud ing 
no cu l l i ng. Appropriate model l ing shou ld  enab le  these resu l ts to be extrapolated to 
prov ide a basis for determ i n i ng appropriate pol icies both for areas covered by the 
experiment and for other areas. 
5.6.32 Although the experiment wi l l  i nevitab ly  h ave a cost, we consider that this is 
outweighed by its prospective benefi ts. lt i s  the on ly  way to assess the effects of both 
c u l l i n g  and no cu l l ing and whether c u l l ing is cost-effective. A s im i lar  experi mental 
approach is  common in c l i n ica l  tr ials of therapeutic d rugs in hu mans, where one group 
i s  g iven a p lacebo and another is  g iven the d rug.  Even when an effect is  demonstrated, 
th is  i s  balanced aga i nst the efficacy of the d rug, its cost and any potentia l  s ide-effects. 
5.6.33 S i m i lar ly, even if the experiment shows cu l l ing to have an effect, it may not 
necessar i l y  be a cost-effective approac h.  That is  why a fu l l  cost-benefit ana lys is w i l l  be 
essent ia l  to prov ide a c lear basis for future pol icy and to ensure that env i ron mental and 
wider considerations are taken into accou nt in eval uating the evidence. The magn itude of 
any effect of cu l l i ng wi l l  have to be taken i nto account as wel l as the potential risk to human 
health and welfare, a n i ma l  welfare (both badger and catt le), and farmers' l ivel i hoods.  
Action outside the areas of high r isk of herd breakdowns 
5.6.34 Among the options for action outside the areas of h igh r isk of herd 
breakdowns are: 
( i )  the reactive strategy, as proposed above; 
( i i ) an extension of the exper iment proposed above; 
( i i i )  no cu l l i ng. 
5.6.35 We recommend that there should be no c u l l i n g  outside the experimenta l  area 
for two main  reasons .  F i rst ly, the logic of reactive cu l l ing is  to prevent repeat or contigu­
ous breakdowns. The experimenta l area i s  the area most affected by these breakdowns 
and inc l udes the majority of them. Hence, even if reactive c u l l ing were effective i n  
reduc ing breakdowns (and th i s  rema i ns to be tested by  the experiment) , extending i t  
in to areas of  lower breakdown rates wou ld prov ide d i m i n i sh ing returns in  terms of  the 
number of breakdowns prevented . Second ly, proactive cu l l i ng  on a much larger sca le 
than the experimenta l area is  neither desirable nor feas ib le .  
5.6.36 However, as noted above, the Expert G roup shou ld c lose ly  mon itor the herd 
breakdown pattern in areas outside the main  experiment.  l t  wou ld  be open to them to 
recommend recru itment of new a reas i nto the experiment. 
The farmers' role 
5.6.37 The experiment w i l l  benefit farmers because it wi l l  provide defi n i t ive answers 
on what constitutes the most effective strategy. We recommend that fu rther 
consideration should be gi ven to what farmers themselves m ight contribute. Farmers 
cou ld potenti a l l y  perform a substant ia l  e lement of the operat ion (e.g. mapping setts, 
pre-bai t ing traps) with appropr iate tra i n i ng and superv is ion from MAF F. They cou ld  a l so 
contri bute to costs. Farmers in a l l  the experimental areas m ight a l so be involved, for 
example, i n  identify ing and record ing badger activ ity. G iven the importance of these 
i ssues for the industry, we bel ieve there is  s ign ificant scope for industry i nvo lvement 
both du ring and after the experi mental period . 
5 .7  Husbandry 
5.7.1  I f  the mechanism of transm ission from badgers to catt le were known, i t  m ight 
be poss ib le  to prescr ibe preventative h usbandry measures . In the absence of th i s  
knowledge, an heu ristic exper imenta l approach is  suggested, as th is  cou ld  make an 
i mportant contribution to reduc ing the r isk of herd breakdowns. 
5.7.2 MAFF has issued advice s i nce 1 986 that is  ava i l able to the industry and is  g iven 
to al l  farmers suffering herd breakdowns. Th is  advice covers two main possi b i l it ies : 
( i )  keep ing catt le away from badger setts, ur ination tra i l s  and l atr ines; and 
( i i )  keep ing badgers away from catt le feed i ng troughs a n d  o u t  o f  farm 
bu i ld ings. 
There is  l i ttle evidence that the industry as a whole has made efforts to act on this advice. 
l t  appears that they have trad it iona l l y  been rel uctant to adopt measu res because of a 
com bi nation of logist ical d i fficu l t ies, perceived impractica l i ties, cost, conservatism and 
lack of conv inc ing evidence that h usbandry cou ld  have an effect. 
5.7.3 We suggest that a reas outside the experiment wou ld be su i table for an 
experi mental comparison of proactive h usbandry methods .  The power of the exper iment 
wou l d  be reduced if too many d i fferent a pproaches were tested, so only the most 
promis ing shou ld be i nc l uded . Any such exper iment shou ld  not interfere with the 
exper iment des igned to assess the efficacy of cu l l i ng. The comparison of husbandry 
practices wou ld form part of the mu lt i -vari ate analysis of the r isk of herd breakdowns 
recommended in paragraphs 4 .6 . 1 6 and 4 .6 . 1 7 .  
5.7.4 To i l l u strate the potent ia l  to  detect the effects of  husbandry, it can be shown 
that with a constant under ly ing risk of 1 00 herd breakdowns per year, a 1 7 . 7% 
reduction i n  r isk d ue to husbandry wou ld  be detected with 90% probab i l ity in five 
years. If  the risk of herd breakdown were increas ing, then any effect of husbandry cou ld  
be detected more qu ick ly. Whether husbandry cou ld  actua l l y  ach ieve these level s  of 
red uction in breakdowns depends not only on the efficacy of the practice, but al so on the 
proportion of breakdowns tru ly caused by badgers. If less than 1 7 . 7% of breakdowns in 
a reas part ic ipati ng in the husbandry experiment were caused by badgers, there wou ld  
be less than a 90% chance of detecting the impact of husbandry over five years, even 
with a practice which prevented a l l  TB transm iss ion between badgers and  cattle. 
5.7.5 We see two main mechan isms for ach iev ing an experimental comparison of 
husbandry : the fi rst wou ld be an approach whereby the Government wou l d  take the 
lead i n  developing and ru n n i ng an experiment. The second approach wou ld  be for the 
industry to take the lead in securing i ndustry support for such an approach and i n  
making proposa l s  for practical h usba ndry methods which m ight be appropriate 
(probably based on the MAFF gu idance) . The Government should act as fac i l itator and 
ass ist with  the deta i l ed experi mental design and ana lysis of the exper iment, with i nput 
from the Expert Group, as appropriate. 
5.7.6 We recommend the second approach .  lt is essent ia l  that the industry recogn i ses 
the role  husbandry may have to p lay and that they fu l l y  take ownersh ip  of the issue: 
the i r  f i rm su pport and commitment wou ld be a prerequ i s ite for a successfu l i n it iative in 
th is  area . We therefore consider that the second, co-operative approach wou ld be best 
able to del iver resu lts. As with the badger cu l l ing experiment, the benefits of any resu lts 
wi l l  accrue to the farm ing  industry. 
5.7.7 As part of its ro le in encouraging a more proactive and constructive approach 
to h usbandry, we recommend that the Government should a l so g ive fu rther 
consideration to whether incentives m ight be offered . 
5 .8 Conclusions and recommendations 
5.8.1 There is some evidence to suggest that the gass ing and clean r ing strateg ies 
were more effective than the in ter im strategy in reduc i ng the prevalence of TB in 
badgers and hence a l so, theoretica l ly, reduc ing the r isk of herd breakdowns. However, 
i n  the absence of scientific controls, it is not poss ib le to separate out the effects of 
badger removal from other confou nd ing factors or to d raw conc l us ions about the impact 
and cost-effectiveness of d i fferent cu 11 i ng strateg ies (section 5 .2  and paragraphs 5 .4 .2 
a nd 5 . 6 . 1 ) .  
5.8.2 The l ive test tr ia l  does not provide the basis of a cost-effect ive contro l strategy, 
pr imari ly  due to the poor performance of the EL I SA test. I mproving the tria l  design by 
operati ng it at the level of the soc ia l  group and trapping more badgers for test ing 
(paragraph 5 . 3 . 1 1 )  wou l d  resu l t  in  on ly  modest increases in the effectiveness of the tr i a l .  
5.8.3 TB prevalence i n  MAFF-taken badgers cu l l ed as  part of  remova l operat ions has 
been h igh, and h igher than road traffic accident badgers tested over the same period . 
Preva lence i n  MAFF-taken badgers has risen s i nce 1 978,  with peaks i n  1 988 and 1 99 3 .  
Al though data o n  T B  prevalence in both MAFF-taken badgers a n d  those from road 
traffic accidents are not comparable across t ime due to shifts i n  samp l i ng, it does appear 
that the prevalence of TB in badgers is genera l l y  h igh in areas of h igh herd breakdown 
rates (paragraphs 5 .4 .4, 5 .4 .5  and 5 .4 .7 ) .  
5.8.4 Repeat breakdowns in the same herd a re infreq uent, but  have increased over 
the last ten years. Herds which have had two or more breakdowns are fou nd in c lusters, 
ma in ly  i n  South-West England (paragraph 5 .4 . 1 1 ) . 
5.8.5 Ferti l i ty control is l i ke ly  to be less effective than cu l l i ng  as a strategy to reduce 
TB i n  badger popu lat ions and hence any transmission to catt le.  Research i n  th is  area i s  
not, therefore considered to be a h igh prior ity (section 5 .5 ) .  
5.8.6 We recommend that the  efficacy of  c u l l ing should be  eva l uated experi menta l l y  
i n  a m i n i m u m  o f  30 1 Okm b y  1 O k m  areas a t  h ighest r isk o f  repeat or contiguous 
breakdowns. No cu l l ing should take p lace outside them. Three strategies should be 
compared : a reactive strategy, where fo l lowing a breakdown, al l  soc ia l  groups 
( i nc lud ing lactating  sows) that had access to the breakdown herd are removed ; a 
proactive strategy, where a l l  badgers are removed ; and a no cu l l  strategy. The three 
treatments shou ld be a l located random ly to equa l  numbers of areas. We est imate 
quantitative resu l ts wou l d be ava i lable in five years to enable a fu l l  assessment of the 
extent to which cu l l ing is a cost-effective intervention strategy (section 5 .6 ) .  
5.8.7  Quantitative data on recolon isation ti mes is  scant. We recommend fu rther 
research on this in areas subject to the reactive and proactive strategies (paragraph 5 .6 . 1  0). 
5.8.8 The deta i led experiment design should be overseen by an i ndependent Expert 
Group.  Th is  group should fi na l l y  determ ine  the areas to be inc l uded i n  the experiment 
havi ng carried out a fu rther ana lys is  of the recommended a pproach to test the 
assumptions u sed . i t  wou ld mon itor the experiment and herd breakdown patterns 
outside the experi mental a reas and should make recom mendations on whether any new 
areas should be recru ited i nto the experiment (paragraphs 5 .6 . 1 4, 5 . 6 .24 and 5 .6 .36) .  
5.8.9 Steps should be considered to improve the effic iency of removal operations.  
( i )  Trappi ng may not a lways be the most efficient method of remova l .  The 
efficacy, cost and welfare imp l ications of a l ternative methods, i nc lud ing 
stop-snar i ng, shou ld  be further considered (paragraph 5 . 6 .8 ) .  
( i i )  Targets shou ld  be  set and  mon itored to  reduce de lays between breakdowns 
and the start of removal operations (paragraph 5 . 6 .6). 
( i i i )  G iven the benefits of the experiment for the farming industry, fu rther 
consideration should be given to what farmers themselves m ight contri bute 
to operations (paragraph 5 .6 . 37) .  
5.8. 1 0 We est imate that over five years the total nu mber of badgers k i l led i n  the 
experiment is  u n l i kely to be su bstanti a l l y  d i fferent from the number removed had the 
inter im strategy cont inued . Moreover, it is l i ke ly  to be substanti a l l y  l ess than the number  
k i l led i n  road accidents over the same period (paragraphs  5 . 6 .28  to 5 . 6.30) .  
5.8. 1 1 I f  badgers are the cause o f  a substantia l  number o f  breakdowns, we consider that 
hu sbandry cou ld make an important contri bution to tack l i ng the problem and that the 
farm ing i ndustry shou ld take the l ead in develop ing and i m plementing an experi mental 
compa rison of the most promis ing husbandry techn iques. The Government should act 
as fac i l itator (paragraphs 5 .7 . 5  and 5 . 7 .6) .  
5.8.1 2 The Government shou ld g ive further consideration to whether incentives cou ld 
be l i nked to good practice (paragraph 5 . 7 . 7) .  
Chapte r 6 
6 TB diagnosis and vaccines 
6 . 1  I ntroduction 
6.1 .1  This cha pter dea ls  with TB d iagnosis and vacci nes and assesses strategies to 
identify and red uce the d i sease i n  badgers and catt le.  Section 6 .2  dea l s  briefly with the 
pathogenes is  of the d i sease in catt le and badgers. Section 6 .3  assesses techn i ques for 
d i agnosis .  Section 6.4 reviews the prospects for vacc ine development and section 6 .5  
considers other strateg ies for bio logical control of M. bovis. Section 6 .6 summarises the 
conclus ions and recommendations. 
6.2 The d isease in cattle and badgers 
6.2.1 A number of featu res of the pathogenesis and immu nology of i n fection with 
M. bovis have an importa nt bear ing on the use of d iagnost ic tests and vacc ines in 
d i sease control programmes. Cattle become infected with M. bovis by i n ha lat ion or 
i n gest ion of the organ i sms, resu l t i ng i n  growth of the bacteria particu la rly in the l u ngs 
and the lymph nodes assoc iated with the respi ratory tract (Pritchard 1 9 88; J ubb et al. 
1 993 ) .  I n  many an ima ls, infection is confined to a few foc i i n  these organs, but i n  a 
sma l l  number of cases there i s  extensive i nvolvement of the l u ngs and spread of 
infection throughout the body ( F ranc is  1 958) .  An ima ls  may remain  i n fected for many 
months or years before show ing obvious c l i n ica l  s igns and du ring th is  period they may 
i nterm ittent ly excrete M. bovis in  nasal secret ions.  
6.2.2 Stud ies of experimenta l l y  infected cattle ind icate that the severity of l ung 
pathol ogy and the rate at which i n fected an ima l s  develop c l i n ical  d i sease are i nfl uenced 
by the i n fect ive dose of M bovis (Nei l l  et al. 1 994b; Budd le et al. 1 994) .  U nder the 
cu rrent program me of herd test ing, progression to c l i n i cal d i sease is  an u ncom mon 
occu rrence : post-mortem exami nation of infected an ima l s  identified by rout ine ski n 
test ing has shown that most an ima l s  have on ly  a few foci of d i sease, ind icating that they 
have been infected wi th a low dose of organ isms and/or that they are in the early stages 
of the d i sease (Mc l l roy et a l. 1 986 ;  R. Cl i fton-Had ley, personal commun ication). 
6.2.3 The ab i l ity of M bovis to rep l icate i ntrace l l u lar ly i n  a su bpopu lation of 
leu kocytes is  an important factor in  enabl ing the organ i sm to estab l i sh  persi stent 
i n fections. Infection sti mu l ates a strong ce l l u l ar immune response which in catt le is fi rst 
detectable about one month after infection (Pol lock et al. 1 996) .  Although th is  response 
he lps to l i m i t mu lt ip l ication and spread of the organ ism, it may not be effective at 
clear ing the infection and the resu ltant c h ronic immune sti mu lation contri butes to the 
patho logy of the d i sease (see F igure 6 . 1  ) . 
Mycobacterium bovis 
interferon-gamma 
( IFNy) 
Figure 6.1 - Immunological events associated with mycobacterial infection 
When pathogenic mycobacteria (M. bovis or M. tuberculosis) enter the body they are taken up by 
spec ia l i sed cel ls known as macrophages. Molecular  components of the bacteria, termed antigens, are 
presented on the surface of the i nfected cel ls .  The ant igens are recognised by specific T lymphocytes 
which then release chemical messengers i nstructing the macrophages to k i l l  the bacteria.  Interferon-gamma 
is one of the most i mportant of these messengers. 
At the same t ime, the T lymphocytes d ivide, resu lt ing in an i ncrease in the total nu mber of bacteria-specific 
T lymphocytes in an imals  exposed to i nfection. Th is  i n i t ial  immune response may be only part ia l ly  
effective, leaving bacteria a l ive and ab le  to cause a prolonged i nfect ion. When a large number of bacteria 
bui ld  up during active d i sease, antibodies that b ind to specific mycobacterial  antigens are found in the 
blood of infected ind ividuals .  
Two general strategies are used for i m mu nological d i agnosis of animals infected with M. bovis. The first 
i nvolves measurement of activities of T lymphocytes. This i s  most commonly done in the form of a 
tubercu l in  test, which i nvolves i n jection of a mixture of mycobacterial antigens into the sk in .  Recognition 
of the antigens by T lymphocytes results i n  loca l i sed swe l l i ng at the i njection site. An a l ternative protocol 
i nvolves st imulation of T lym phocytes by addition of antigens to blood samples. The T lymphocyte 
response can be detected by measurement of release of interferon-gamma. 
The second d iagnostic strategy is  based o n  detection of specific ant ibodies i n  blood samples. Techn iques 
for measur ing ant ibodies are s impler and more versati le than those used to measure T lymphocyte 
responses, but are l i kely to be positive only at later stages of mycobacterial infection. The BROCK test, 
used for identification of infected badgers in the l i ve test tr ial ,  is based on measurement of antibody 
responses to a major su rface antigen of M. bovis. 
6.2.4 Antibody responses to M. bovis in cattle are not we l l  defi ned . Great variation 
between infected an imal s, both in  onset and spec if ic i ty, has been noted (Dowl ing and 
Sch leehauf  1 99 1 ; F ifis et al. 1 994a). However, evidence suggests that anti body 
responses a re often associated with wa n i ng of the cel lu l a r  immune response and 
progression to severe d i sease, cons istent with fi nd i ngs on human TB ( Lenz i n i  et al. 
1 9 77 ;  Ritacco et al. 1 99 1 ; and F ifis et al. 1 994a). 
6.2.5 Cu rrent understand i ng of the pathogenesis of TB in badgers is out l i ned in  
paragraphs 3 .4 . 1  to  3 .4.6.  The cou rse of  infection has not  been characterised in the 
same deta i l  as in catt le. F rom pre l im inary experimental observations, i t  appears l i kely 
that, as in  cattle, M. bovis i nfection in  badgers sti mu l ates an early cel l u l ar  i m mune 
response fo l lowed by an antibody response later in  infection (Thorns and Morr is 1 9 83;  
Nolan and Wilesmith 1 994) .  
6.2.6 Studies of  natu ra l l y  in fected badgers have revea led marked variation in  the 
severity of the d i sease. Some infected a n i ma ls  loca l i se the in fection in  sma l l  lesions that 
may prov ide a sou rce for i ntermittent excretion of bacter ia.  In other an ima l s, a more 
genera l i sed infection occurs, with the potent ia l  spread of large numbers of organ isms from 
sputum and someti mes a lso from ur ine (L i tt le et al. 1 982 ;  Cheeseman et al. 1 9 88b). 
6.3 TB diagnosis 
6.3.1  Two general strateg ies are ava i l able for d iagnosis of mycobacter ia l  i nfection . 
The fi rst invo lves d i rect demonstration of the presence of the in fecting organ ism,  by 
microbia l  cu l ture or by detection of a specific component of the bacter ia (ampl ified 
DNA fragments, for example) .  Th is  approach prov ides defi n it ive proof of i n fect ion, but 
is  dependent on the avai labi l ity of a su itable sample of i n fected t issue or  secret ion, and 
is  most commonly appl ied post-mortem (Pr i tchard et al. 1 987) .  
6.3.2 The second strategy involves measu rement of an immu nological response to 
infection .  The most sensitive tests req u i re measu rement of responses by T lymphocytes, 
which a re the med iators of ce l l u la r  immune responses (see F igure 6. 1 ) . Alternative tests 
involv ing measurement of spec ific antibod ies in bl ood samples can a l so be used . 
However, si nce antibody responses genera l l y  develop late in the cou rse of i n fection, 
such tests are less usefu l for early d i agnosis ( Nei l l  et al. 1 994b; Nolan and Wi lesmith 
1 994; Wood and Rothel 1 994; Cl ifton-Had ley et al. 1 995a) .  In  this sect ion we review 
cu rrent strategies used for d iagnosis of TB in catt le and badgers, and eva l uate prospects 
for improved tests. 
Cattle 
Review of current procedures 
6.3.3 The tubercu l i n  sk in  test i s  the pr imary means of d i agnos ing TB in catt le.  Th is  
test involves i ntradermal in jection of a mycobacteria l  extract wh ich ,  in  i n fected an i mals ,  
provokes a local cel l u lar  immune response caus ing swe l l i ng that can be detected after 
three days by measu r ing sk in th ickness. Th i s  extract, known as tubercu l i n  (a l so referred 
to as pur i fied prote in derivative or PPD), conta ins  a mixture of the major bacteria l  
components that are recogn i sed by the immune system . To di st ingu ish infection with 
M. bovis from exposure to harmless environ mental mycobacteria, the response to M. bovis 
extract is compared with the response to an equ ivalent extract from Mycobacterium 
a vium. An ima l s  respond ing preferent ia l l y  to M. bovis are c lassed as ' reactors' and 
s laughtered (Monaghan et al. 1 994). Use of the tuberc u l i n  test and test ing protocols a re 
sti pu lated by EU legis lation (D i rective 64/432/EEC; Di rective 97/1 2/EC a l so relevant). 
6.3.4 The EU leg is lat ion on TB spec ifies the m i n imum frequency of herd test ing.  Th is  
varies from year ly to once every fou r  years, depending on the percentage of infected 
herds .  The criteria a re appl ied by Member States who a re responsib le for defi n i ng the 
area to which the test ing frequency appl ies (current ly defi ned as a cou nty or larger area 
in Great B rita i n ) and a lso how the percentage of i n fected herds is ca lcu lated (the 
legis lation is u nclear on th is  po int) .  B road l y, the leg is lat ion requ i res that where, over a 
specified reference period (four  years for areas on fou r  yea rly testi ng; th ree years for 
areas on three yearly test ing;  and two years for areas on two yearly test i ng) the 
percentage of infected herds is  above 0 . 1  %, test ing should move from a fou r  yearly to 
three yea rly cyc le; where it ri ses above 0.2% it wou l d move to a two yearly cycle; and 
where it ri ses above 1 %  it wou l d  move to an annual  cycle. 
6.3.5 I n  herds with no recent h i story of infect ion, a 'standard interpretat ion' of the 
tubercu l i n  test i s  appl ied . An ima ls  are c l ass ified as reactors if the skin reaction to 
M. bovis is more than 4mm greater than the reaction to M. avium. Anima ls  with a sk in 
reaction to M. bovis up to 4mm greater than the reaction to M. a vium are considered 
i nconc lus ive and are re-tested . 
6.3.6 A 'severe i nterpretat ion' of the test is appl ied retrospectively to herd test resu lts 
in  most cases where a reactor has been confi rmed (by the presence of vis i b le lesions or 
the cu l ture of M. bovis) . it i s  a l so appl ied in fol low-u p  test ing of herds in which a 
breakdown has been confi rmed . U nder th i s  interpretation,  an ima l s  with a swe l l ing of 
more than 2 m m  greater than that obta i ned with the avian antigen are c lassified as 
reactors (Less l ie  and Herbert 1 975) .  
6.3 .7  Herds i n  which a breakdown occu rs are re-tested at 60 day i nterva l s  u nti l they 
have two consecutive clear tests, after w h ich they are tested aga in ,  six and 1 2  months 
later. The i nterva l of 60 days between tests is  requ i red because tubercu l i n  test ing of 
infected an ima l s  has been shown to resu l t  i n  non-responsiveness to re-test ing for a 
period of several weeks (Rad u nz and Lepper 1 985) .  Th is  period a l so a l lows an ima ls  
incubating the infection to become posit ive. Affected herds are placed under movement 
restrictions so that no catt le can move onto or off the premises except u nder l i cence 
issued by MAFF. In most cases, it i s  th i s  restriction on movement of an ima l s  rather than 
the loss of reactor a n i ma l s  that has the greatest econom ic i mpact on affected herds. 
6.3.8 Routine i nspection of carcases in s laughterhouses represents an additional means 
of surve i l lance for TB in the catt le popu lat ion .  The procedu re inc ludes v isua l  screen ing 
for evidence of lymph node en largement, pal pation of  viscera and exami nation of  cut  
s l i ces of lymph nodes for the appeara nce of  gra n u lomatous lesions character ist ic of  TB.  
Between 1 2  and 42 infected carcases (other than reactors) have been detected annua l ly  
over the last s ix years i n  s laughterhouses i n  Great Brita i n .  Th is  com pa res with between 
1 80 and 47 1  confi rmed herd breakdowns a year over the same period . 
6.3.9 Larger numbers of in fected carcases are detected i n  Northern I re land and the 
an i mal  identification scheme there is  used rout ine ly to trace the herds of or ig in for 
fol low-u p  test ing.  Cu rrently 20-30% of the new confi rmed herd breakdowns in Northern 
I re land are detected in this way. By contrast, the total number of infected carcases 
detected each year in s laughterhouses in G reat Br ita in , expressed as a percentage of 
confi rmed herd brea kdowns, i s  between 5% and 9%. The reasons for th i s  d i fference are 
not c lear. 
6.3.1 0 The numbers of i n fected an ima ls  detected by i nspection of carcases are al most 
certa i n l y  an u nderesti mate of the true inc idence. For example, it wou ld not be poss ib le  
to detect an imals  wi th  les ions  that are i nvis i ble to the naked eye, and a proport ion of 
an ima l s  that have on ly  one or two sma l l  lesions are l i kely to be m i ssed by rout ine 
s laughter checks. However, such an ima ls  wou ld be of low infectivity. 
6.3.1 1 Identification of infected carcases i n  s laughterhouses does not necessar i ly reflect 
a fa i l u re of the tubercu l i n  test to detect the infection : given that in fected catt le can 
develop grossly vis ible lesions with i n  one month of in fection with M. bovis, it wou ld be 
expected that some an ima l s  wi l l  become i n fected and be presented for s laughter i n  the 
i nterva ls  between herd tests. Moreover, some a n i ma l s  (e.g. from fatstock herds) w i l l  not 
have been tested . The computeri sed a n i ma l  identification scheme, once it i s  in  place, 
shou ld prov ide a more rel iable means of trac ing  back to determ ine the sou rce of i n fec­
t ion and hence poss ib ly  identify ing addit ional  i n fected herds in the i nterva ls  between 
rout ine herd test ing .  
6.3 .1 2 Two cr iteria are cruc ia l  in  determ i n i ng the effectiveness of  the tu berc u l i n  test : 
its abi  I ity correctly to identify 
( i )  i n fected catt le (sen si tiv ity) ; and 
( i i )  u n i nfected cattle (spec ific ity). 
6.3 .1 3 Stud ies of the sensitivity of the tubercu I in  test, defi ned as the percentage of 
in fected an ima l s  correct ly  identified, report a range of va lues from 77% to 95%, based 
on standard i n terpretat ion of the test (Monaghan et al. 1 994) .  G iven that many infected 
herds conta i n  on ly  one or two infected a n i mals,  it is possib le that i n fection goes 
u ndetected in a sma l l  nu mber of cases. However, in herds where infection is detected, 
the fo l low-up herd test ing procedu res, which i nvolve repeat test ing u nt i l  negative and 
appl ication of the severe in terpretat ion of the test, should ensure that few infected 
an ima l s  remain  undetected . Repeated breakdowns m ight be expected in affected herds 
i f  the testi ng  procedu re fa i l ed to detect a l l  i n fected an imals .  These have i ncreased in 
frequency from 9 .8% of affected herds, for the period 1 9 87 to 1 99 1 , to 1 6 .5%, for the 
period 1 992 to 1 996.  However, they remain  in frequent: over the ten years 1 987  to 1 996 
the majority, 85%, of affected herds suffered on ly one breakdown. Routi ne i nspection of 
carcases at s laughterhou ses a l so detects few confi rmed M. bovis i nfect ions. 
6.3.1 4 Absence of skin test reactivity is assoc iated with two stages of mycobacteria l  
d i sease. Animals are l i kely to be negative for the fi rst month or so after infection and may 
a l so become negative in advanced stages of d i sease when la rge numbers of bacteria are 
present i n  tissues (F ranc is  1 9 58 ;  Plackett et a l. 1 989) .  Repeat test ing should detect the 
former category of an ima l .  An imals  with advanced infections wi l l  eventua l l y  show 
c l i n ical d i sease and wou l d  be expected to be most active in  transm itt ing infection to in ­
contact an ima ls .  However, c l i n ical TB in  cattle is  now extremely rare (Nei l l  et  al. 1 992 ;  
Nei l l  e t  al. 1 994b; G riffi n and Do lan  1 995 ) .  Moreover, the  major ity of  herd breakdowns 
invo lve on ly  one or two an imals .  Post-mortem exa m i nation usua l ly  reveals  only a few 
tu bercu lous lesions in the l u ngs, i nd icating that they are i n  the early stages of the d i sease 
or have been infected with a sma l l  nu mber of organisms.  These features of the d i sease 
in cattle argue agai nst the ex istence of a sign if icant res idua l  popu lation of infected catt le 
that escape detection by the tubercu l i n  test and act as a sou rce of conti nued trans­
mi ssion .  They are consistent with a source of infection external to the herd itself. 
6.3. 1 5 The specificity of the tuberc u l i n  test, defi ned as the percentage of tru ly negative 
an ima l s  correct ly  identified us ing the standard interpretation of the test, i s  greater than 
99% (Wi lesmith and Wi l l i ams 1 987 ;  Wood and Rothel 1 994). This figu re is  based on 
the absence of pos itive reactions in  popu lat ions of catt le known to be free of infection .  
There is a perception among some farm ing  groups that  the tubercu l i n  test gives an 
u nsati sfactory level of fa l se pos itive reactions. Although on ly  40- 50% of a l l  reactor 
an ima l s  have obvious ly vis i b le lesions at s laughter, in Northern I re land, more deta i l ed 
post-mortem examination of a sma l l  nu mber of reactor a n i mals, identified by standard 
i n terpretat ion of the tuberc u l i n  test, detected infection in 85% of an ima l s  (Mc l l roy et al. 
1 986) .  I n  add it ion, of 2 ,308,345 catt le tested in 1 996, there were 3 ,456 reactors, of 
which 78 .4% were from confi rmed breakdowns.  Of the total an imals  tested, 696 
(0.03%) were k i l led as reactors without su bsequent confi rmation of the herd breakdown 
and 52 reactors are sti l l  u nder investigat ion (R. Cl ifton-Hadley, persona l  
commun icat ion) .  These f ind i ngs, when considered in  re lation to the total numbers of 
an ima ls  that are tested for TB, ind icate a very low inc idence of fa lse pos itive reactions. 
Prospects for improved tests 
6.3.1 6 Strateg ies for deve lopment of improved d iagnost ic tests i nc lude the use of better 
defi ned antigen preparations, and the use of a l ternative methods to measu re immune 
responses. Efforts have been made to identify i nd iv idua l  M. bovis molecu les that wou ld 
form the basis of more spec ific tests for detection of i nfect ion .  In genera l ,  ga ins  in 
specif ic ity using defi ned antigens have been offset by losses in sensit ivity. Only a subset 
of an ima l s  respond to any one antigen (F ifis et al. 1 992 ;  F if is et al. 1 994b) . 
6.3.1 7 Gene clon ing techn iques prov ide i m portant new tools  i n  th is  a rea . Screen ing of 
i nd iv idua l  bacteria l  prote ins  expressed by c loned M. bovis genes for immune 
recogn it ion by infected an ima l s  offers a means of identify ing antigens of potenti a l  use 
for d i agnosis (Hewi nson et al. 1 995) .  Part icu lar  attention has been gi ven to the stud y  of 
prote ins  that are secreted from the activel y-growing bacteria .  These i nc lude two rel ated 
protei ns, known as MPB70 (Radford et a l. 1 990) and MPB83 (Ha rboe et al. 1 995 ;  
Hewi nson e t  al. 1 996; Matsuo et al. 1 996) that are expressed a t  h i gh levels by  M. bovis 
but at re lative ly low leve ls  by M. tuberculosis (Wi ker et al. 1 996) ;  and two prote in s, 
ESAT6 and MPB64, that are absent from the M. bovis stra i n  used i n  the BCG vacc ine 
(Maha i ras et  al .  1 996;  Harboe et a l. 1 996) .  A cockta i l  of such antigens that col lect ively 
are recogn i sed by a l l  i n fected an ima l s  cou ld su bstitute for tubercu l i n .  
6.3 .1 8 As an a l ternative to the s k i n  test, cel lu l a r  immune responses to M .  bovis can be 
assayed in vitro by c u ltur ing blood lymphocytes with M. bovis a ntigen for several days 
and measu r ing prol iferat ion of T lymphocytes or so lub le  prod ucts (cytoki nes) of the 
pro l i ferat ing cel l s  (G riffin et al. 1 99 1 ; Wood and Rothel 1 994). A vers ion of this assay, 
i nvo lv ing c u lture of whole b lood with M. bovis antigen and measurement of i nterferon­
gamma prod uction after 1 6  to 24 hours, has been developed in Austra l i a (Wood et al.  
1 990). A large field tr ial in  which this assay was tested i n  6,000 catt le from a TB-free 
area and over 6,000 an ima l s  from herds known to be infected with M. bovis i n  Austra l i a  
gave sensitivity and specificity va lues of 93 .6% and 96.3% respectively (Wood et al. 1 991  ) .  
6.3 .1 9 Two detai led comparisons of  the i nterferon-gamma assay with the tubercu l i n  test 
have been conducted in Northern I re land, i nvo lv ing over 1 00,000 an ima ls  (Nei l l  et al. 
1 994a ; S .D .  Nei l l ,  personal  com mun icat ion) .  Absol ute values for sens i t iv i ty and 
spec if ic ity cou ld not be determ i ned because on ly a sel ected popu lat ion of tuberc u l i n  
negative a n i m a l s  cou ld be examined a t  sl aughter. Based o n  those a n i m a l s  that were 
avai lable for s laughter, the two tests compared favourably for sens i t iv i ty :  they identified 
a s im i lar  nu mber of an im a ls  with d i sease, al though the popu lat ions ident ified by each 
test were not identica l ,  i .e. some di seased an imals  were tu bercu l i n  negative but pos it ive 
i n  the in terferon-ga mma test and vice versa. The number of an ima l s  which tested as  
pos itive with the interferon-gamma assay was far greater than the n umber which tested 
as pos itive with the tuberc u l i n  test. We consider it l i ke ly  that some of these were fa l se 
posit ives, but the prec ise proport ion cou ld  not be determ ined . 
6.3.20 Because of the i nferior spec ificity of the interferon-gam ma test i n  its present 
form, it wou ld not be acceptable on economic grou nds as a substitute for the tu bercu l i n  
test. However, i t  cou ld prove usefu l for retesting of herds in which a reactor has been 
identified by tubercu l i n  testi ng. The identification of component antigens of M. bovis 
that can be used for d i agnos is  may enable the spec ific ity of the test to be improved . 
Although such a test req u i res access to laboratory cel l cu l ture fac i l it ies, it wou ld have 
the advantage of requ i ri ng  on ly  a s ing le farm vis i t  for each herd test, g iv ing su bstant ia l  
fi nancia l  savi ngs. 
6.3.21 Use of defined antigens and a l ternative immu nological  measurements may a l low 
the development of d i agnostic tests for bovine TB that offer improvements in terms of 
sensit iv ity, spec if icity and qua l ity contro l .  The use of a l ternative tests may a l so resu l t  i n  
reduction i n  cost o f  the  test ing programme. However, we conclude that it i s  u n l i kely 
that improved tests wi l l  lead d i rectly to a rad ical a l teration in prospects or strategies for 
control of TB in catt le based on identification and removal of infected an ima ls .  
Considerations related to vaccines 
6.3.22 I f  vacci nes are to be used for control of TB in cattle or badgers, it w i l l  be essential 
to develop d iagnostic tests that d ist i ngu ish  infect ion from vacc i nation .  As outl i ned 
below in section 6 .4, two approaches a re being pu rsued for vacc ine development. One 
approach makes use of a l iv ing bacter ium that is  genetica l l y  d i sabled i n  a way that 
destroys its abi l ity to cause d i sease. I n  th i s  case, an appropriate d i agnostic test wou ld 
measu re the immune response to an ant igen that is present i n  v i ru lent M. bovis, but 
absent from the vacc i ne. Prel i m i nary experiments suggest that the ESAT6 antigen detects 
an immune response i n  cattle i n fected with M. bovis, but not i n  those vacc inated with 
BCG, for example (Po l l ock and Anderson 1 997a,  b) . 
6.3.23 The a l ternative vacc ine strategy is  based on induction of immune responses to 
a sma l l  number of defi ned antigens. A d iagnostic test i n  th is  case, cou ld i nvolve specific 
removal of the vacc ine antigens from the tuberc u l i n  test ing reagent. Genetic techn iques 
to accompl ish this have recently been developed for mycobacter ia .  
Badgers 
Review of existing tests 
6.3.24 There are two cu rrent appl ications of d i agnostic tests for M. bovis i n  badgers : 
( i )  screen ing of  badger carcases co l lected from road traffic accidents or from 
MAF F  c learance operations; and 
( i i ) identification of i n fection i n  l ive trapped an ima l s  for selective removal 
operations. 
Pathological exami nation and microbiological cu lture of post-mortem samples are used 
to screen badger carcases. These techn iques are labour i ntensive and not a l l  infected 
an ima l s  are detected because some lesions wou ld  be too sma l l  to be v is ible to the 
naked eye. Use of the tubercu l i n  test to detect infection in l ive badgers is not 
practicable because of the need to re-exam ine  the a n i ma ls  after three days and the fact 
that badgers give a poor response to the tu bercu l i n  test ( L itt le et al. 1 982 ) .  
6.3.25 A serological test, the B ROCK test (a l so ca l led the ' l ive test' ) ,  wh ich detects 
M. bovis-spec ific antibody, has been developed for rapid screen ing of l ive an ima l s  
(Goodger et al. 1 994a) . Th is  test is based on measurement of anti body responses to an 
antigen preparation composed predomi nantly of  MPB83,  a g lycosyl ated l i poprotei n  
(Harboe et al. 1 995 ;  Hewi nson et al. 1 996; Matsuo et al. 1 996) identified a s  a major target 
of the antibody response i n  i nfected badgers (Goodger et al. 1 994b) . However, the overa l l  
sensit iv ity of th i s  test i s  rel ative ly low: o n l y  about 40% of badgers with post-mortem 
evidence of infection test pos it ive with the B ROCK test (Ci ifton-Had ley et al. 1 995a) . 
6.3.26 A strategy for reducing M. bovis i nfection in badgers, based on cu l l ing on ly setts 
conta i n ing an ima l s  pos itive in the BROCK test, was developed and eva l u ation started in 
the l ive test tria l . However, ana lys is  of the prel im i nary resu lts from the tr ia l  (see 
paragraph 5 . 3 .8)  showed that the preva lence of TB i n  badgers cu l led on the basis of 
BROCK test pos it ivity was not s ign ificantly h igher than that in badgers cu l led u nder the 
i nteri m strategy i n  the 'no l ive test' control areas (37.5% versus  34 . 1 % see a l so Table 
5 . 2 ) .  Both the i nsensit ivity of the d i agnostic test and the l i m ited efficiency of badger 
trapping have contributed to th is  lack of success (see Appendix  1 5 ) .  
Alternative diagnostic strategies 
6.3.27 Measurement of T cel l responses cou ld prov ide a more sensit ive d i agnostic test 
for TB i n  badgers. Sk in  test ing is impract ica l  because of the need to handle an ima l s  
twice a t  an  in terva l of th ree days. An  a l ternative approach wou ld be blood-based tests, 
such as the interferon-gamma assay, which wou ld req u i re sampl ing on only one occas ion. 
The m i n i m u m  requ i rement of 24 hours to obta i n  a resu l t  wou ld make it d i fficu l t  to 
imp lement i n  field programmes ai med at identify ing and removing in fected an imals .  
However, such a test wou l d  be of va lue i n  d i sease surve i l l ance programmes i nvolv ing 
captu re and re lease of l ive an ima l s, e .g .  to determ i ne the impact of a f ield vacc ine tr i a l .  
6.3.28 Detection of  M. bovis i n  the environ ment of  setts, or l atri nes, represents an  
al ternative strategy to mon itor local leve l s  of  infect ion.  Previous experience us ing micro­
bio logical techn iques to mon itor M. bovis in samples of badger faeces have proved 
d i sappo int ing (Cheeseman et al. 1 988b) .  However, we recommend that it may be 
worthwhi le  to re-examine th i s  topic us i ng modern DNA amp I if ication techn iques - such 
as the polymerase cha in reaction ( PCR) - in  p lace of m icrobia l  cu lture .  PCR is  a very 
sensit ive techn ique that a l lows detection of sma l l  amou nts of a part icu lar  fragment of 
DNA - in th is  case, a fragment specific for M. bovis. Usi ng su itable extraction techn iq ues, 
it may be poss ib le to detect DNA in environ mental samples. i t  has the advantage over 
m icrobiological cu l ture of being more rapid,  and be ing able to detect the remnants of 
dead bacter ia in addit ion to l i v ing organ isms. 
6.3.29 Such a test, if  suffic iently sensitive, m ight a l so be of va lue for rapid screen ing of 
samples from badger carcases. We est imate that ex ist ing assays cou ld be opti m i sed for 
this purpose with i n  one to two years. We recommend that MAF F  should consider 
whether this mi ght be a u sefu l and safer a l ternative to m icrobiologica l  exami nation . 
6.4 Vaccines 
6.4.1 The outcome of infection with pathogen ic  mycobacter ia is  cr it ical ly  dependent 
on the immune response of the host, and vacc inat ion presents an attractive strategy for 
control of mycobacter ia l  d i sease. A vacc ine agai nst human TB - Bac i l l e  Calmette 
Guer in (BCG), an attenuated stra i n  of M. bovis - was fi rst used i n  1 92 1 , and is cu rrently 
widely adm i n istered as part of the World Health Organ isation Expa nded Programme for 
Immun isat ion .  A series of c l i n ica l  tr ia ls  have shown that BCG protects aga inst pr imary, 
ch i ld hood TB, but has va riable efficacy aga inst the predominant pu lmonary form of the 
d i sease i n  adu l ts (F ine and Rod rigues 1 990; Besnard et al. 1 993) .  
6.4.2 There is  cu rrent ly a resurgence of in terest in  development of  improved vacc ines 
to combat human TB (Ma l i n  and Young 1 996) .  Th is  has been d riven by an i ncreas ing 
pub l ic  health problem, part icu lar ly related to the emergence of d rug-resi stant organ i sms, 
and by new opportu n i ties prov ided by advances in mycobacteria l  molecu la r  genetics. 
Aga i nst this background, it i s  important to consider the prospects for u se of vacc i nation 
i n  control of the bovine TB problem to increase the res istance of catt le to TB infection, 
and/or to reduce TB in badgers. 
Strategies for vaccine development 
6.4.3 The veterinary use of TB vaccines was reviewed by a WHO/FAO/OIE consu ltation 
group in 1 994. The report identified two c l asses of vacc ine cand idate . The fi rst c lass 
inc l udes vacc ines for which efficacy has been demonstrated in laboratory mode ls  of 
in fect ion, and which cou ld  be eva luated in the target host spec ies with i n  a ti me-frame 
of fou r  to six years. The second c lass of vacc i nes are those cu rrently under laboratory 
development, that may become ava i lab le in the longer term ( 1 5 years) . 
6.4.4 Vaccine cand idates cu rrently ava i lable for test ing i nc lude BCG, crude ant igen ic  
derivatives of  M. bovis (such as short term c u lture fi ltrate), and environmental 
mycobacter ia l  species. 
6.4.5 A series of BCG tri a l s  have been conducted in cattle and have recorded vary ing 
degrees of protection aga inst M. bovis cha l lenge (O' Rei l ly and Daborn 1 995 ) .  A recent 
study i n  New Zea land exami ned the effect of vacc ination of catt le with low doses of 
BCG (1 ,000-1 ,000,000 organ i sms) (Budd le et al. 1 995a,  c). Th is  dose was selected on 
the basis of resu lts ind icat ing that it was more effective than h igh dose vacc ination i n  
induction of the type o f  immune response thought to med iate protection aga in st TB 
( B retscher 1 992 ,  Budd le et al. 1 995b) .  Vacc ination resu l ted i n  a s ign ificant red uction i n  
the  n umber of  an ima l s  w i th  l u ng lesions aher subsequent cha l lenge with v i ru lent 
M. bovis. However, protection was on ly  part ia l ,  with M. bovis being cu ltured from 
tissues of 1 1  of 2 7  vacc inated a n i ma ls .  
6.4.6 The presence of  persi stent infection i n  vacc i nated a n i ma l s  wou l d  not  be accept-
able i n  a cattle vacc ine. BCG, admin istered by this protocol, would therefore seem to have 
l im ited appl ication . Subsequent stud ies suggest that the efficacy of BCG i n  cattle is further 
comprom ised by prior exposure to environmental mycobacter ia (Budd le  et al. 1 995a) .  
6.4.7 There has been very l i m ited ana lys is of the efficacy of BCG in  badgers. One 
p i lot study showed some reduction i n  pathology, but the nu mber  of an ima l s  was 
insuffic ient to a l low re i iable assessment (Stuart et al. 1 988) .  
6.4.8 Recent stud ies have shown that vacc ination with mycobacter ia l  cu l ture fi ltrate 
preparations can confer protection agai nst cha l lenge with M. tuberculosis i n  mouse and 
gu i nea pig mode ls  (Andersen 1 994; Pa l and Horwitz 1 992) .  Experi mental vacc i n e  tr ia ls 
in catt le are cu rrently u nderway in New Zea land,  us ing s im i lar  preparations of M. bovis 
cu lture f i l t rate (Budd le et al. 1 995a) .  
6.4.9 Vacci nation with a heat-k i l led environ mental mycobacter ium - M. vaccae - is 
cu rrently being  eva l uated for immu notherapeutic potent ia l  aga inst h u man TB (Stanford 
et al. 1 990) .  Prel i m i nary tria l s  of th i s  vacc i ne in catt le (Budd le et al. 1 995c) ,  and p i lot 
stud ies i n  badgers (Stuart et al. 1 988), prov ided no evidence of protection agai nst 
M. bovis cha l lenge .  
A better BCG 
The most successful mycobacterial vaccine to date has been the bacterium of Cal mette and Guerin - BCG. 
This i s  a stra in  of M. bovis orig ina l ly  isolated from an i nfected cow. During 1 3  years of cu lture i n  the 
laboratory, i t  lost its abi l ity to cause d isease, but reta i ned, at least in part, i ts abi l ity to i nduce an i mm une 
response. We now know that the loss of v i rulence was associated with deletion of la rge sections of the 
genome - some stra ins  of BCG have lost as much as 30 thousand base pairs of DNA. 
Using recently developed molecular genetic tools for mycobacteria, i t  i s  now possible to prec isely i nactivate, 
or remove, i ndividual  genes. Approaches based on removal of careful l y  selected genes have been successfu l ly  
exploited to develop improved vaccines for other bacterial pathogens (salmonel l a  and cholera, for example), 
and hold considerable promise for mycobacterial vaccines. The experimental strategy i nvolves conversion 
of a v i ru lent strain of M. bovis to a non-pathogenic vaccine stra in  by removal of genes that are required to 
cause d i sease. 
A vacc ine produced by th is  route would be c lassed as a genet ica l ly modified organism, or GMO. Strict 
regu lations apply to the use of such organisms outside of the laboratory. A variety of safeguards have to be 
bu i l t  i nto the vaccine stra in ,  i nc luding deletion of mult i ple genes (to ensure that there i s  no poss ib i l ity of a 
return to viru lence), and manipulation of its abil ity to survive in the vaccinated animal and in the environment. 
Other researchers are trying to i mprove the BCG vaccine itself. One new stra i n  of BCG expresses 
interferon-gamma, for example, with the aim of inducing an enhanced i mmune response. Another strain of 
BCG has been engineered to reduce its abi l ity to survive i n  ind ividuals with i mmune defects, in order to 
a l low safe use i n  AIDS patients (Guleria et al. 1 996). 
6.4.1 0 In  the longer term, two general strateg ies are be ing used to generate new 
vacc ine cand idates. The fi rst, based on the BCG parad igm, i nvo lves u se of l ive 
attenu ated mycobacteria l  strai ns.  Such stra i n s  can be constructed by inactivat ion, or 
deletion,  of M. bovis genes that encode molecu les essentia l  for the d i sease process. 
This approach has been used to generate new vacci nes for other bacteria l  d i seases ­
typho id and cholera, for example - that are cu rrent ly  u ndergo ing  c l i n ica l  evaluation 
(Levine et al. 1 997 ) .  This strategy wou ld eventu a l l y  i nvo lve re lease of genetica l l y  
man ipu lated organi sms i nto the environment, and quest ions of stabi l ity and safety are 
clear ly of paramou nt importance. 
6.4.1 1 The second strategy is  based on the induction of immune responses to 
component antigens of M. bovis del ivered in the form of a subu n i t  vacc ine .  Such a 
subun i t  vacc ine m ight take three forms :  
( i )  purified antigens i ncorporated in to an adj uvant ( i .e. a compou nd that 
enhances the immune response); 
( i i )  expression of  the  antigens as  recombinant  prod ucts i n  another attenuated 
bacter ia l  or v i ra l  'vaccine vector' (an example of th i s  approach is a 
recom bi nant v i rus  related to the sma l l pox vacc ine that has been used 
successfu l l y  to vacc inate foxes aga inst rabies in parts of Europe (B roch ier 
et al. 1 995) ) ;  or 
( i i i )  the d i rect adm in i strat ion of the genes encod i ng the relevant M. bovis 
antigens i n  the form of a 'DNA vacc ine' (Tang et al. 1 992) .  
Subunit vaccines 
An alternative strategy for vaccine development is based on the approach of i nducing immune responses to 
key selected mycobacterial  antigens, using a subunit  vaccine. Promising results have been ach ieved in 
mouse and gui nea pig models us ing subunit vaccines comprising prote ins  that are secreted from pathogenic 
mycobacteria dur ing growth. The crude antigen mixtures are now being further characterised, and the most 
active components produced in bulk using recombinant DNA technology. 
A range of experimental procedures are being tested i n  order to identify the best way to del iver subunit 
vaccines. The purified antigens can be d i rectly m i xed with compounds (adjuvants) designed to enhance the 
immune response. Alternatively, the mycobacterial gene encoding the antigen can be incorporated into the 
genome of some other vacc i ne - a modification of the sma l lpox vaccine, for example - where it is expressed 
as a recombi nant molecule.  
Some of the most exciting recent effects have been observed when mycobacterial genes are del ivered i n  the 
form of DNA vaccines. I n  this novel procedure, genes encod ing selected antigens are d i rectly injected i nto 
tissues of the experimental animal,  where they are expressed in a form that triggers an immune response. 
Several mycobacterial genes have been shown to confer protection against chal lenge with M. tuberculosis 
fol l owing del ivery as DNA vaccines (Huygen et al. 1 996; Tascon et al. 1 996). 
Subunit vaccines have significant advantages over l ive bacterial vaccines from the point  of v iew of 
regulatory considerations related to safety and qual i ty control. To ensure that it is effective i n  a wide range of 
individuals, a subunit vaccine wi l l  have to i ncl ude mu lt iple genes or antigens. Attention wi l l  also have to be 
given to the poss ible selection of variant stra ins of mycobacteria that may have d ispensed with the genes 
encod ing the target antigens. 
6.4.1 2 A potent ia l  concern re lat ing to the use of a subuni t  vacc ine is  the poss ib i l ity 
that vacc ination wi l l  resu l t  i n  selection of stra ins  of M. bovis that develop res istance to 
the vacc ine. Such organ isms m ight arise as a resu l t  of mutat ions affecting the gene 
encod ing the antigen used for vacc inat ion.  The use of mu lt ip le antigens, or antigens 
encoded by essent ia l  genes, should avo id this prob lem.  
6.4.1 3 As d i scussed above, the development of  a test to d i st inguish in fected from 
vacc inated an i mals  is an essent ia l  component of any vacc ine deve lopment programme. 
This  is l i kely to be si mp ler in the case of a subuni t  vacc ine than i n  the case of a l ive 
atten uated vacc ine. 
Co-ordination with human vacci ne development programmes 
6.4 . 1 4  Desp ite c lear d i fferences between M. bovis and M. tuberculosis in their  abi l ity 
to produce d i sease in different host species (F rancis 1 958), the two organ isms have s im i lar  
biological properties and i nduce a s im i l a r spectrum of immune responses. Therefore, i t  
i s  l i kely that rel ated molecu les are i nvolved in determ i n i ng v i ru l ence and in induction 
of i m m u n ity. The i n i t ia l  stages of development of a vacc ine for catt le or badgers are a l so 
c losel y  re lated to those i nvo lved i n  prec l i n ical  deve lopment of human TB vacc ines. lt i s  
essentia l  that there should be proper co-ord in ation between these programmes to 
add ress fu ndamental qu est ions rel ated to mycobacteria l  vacc ine development. We 
recom mend that MAFF should give fu rther consideration to how th is  m ight most 
effectively be ach ieved, i nc l ud ing through the involvement of i ndependent experts. 
Profile of an effective cattle vaccine 
6.4.1 5 Use of a vacc ine  to control TB in catt le is  effective ly  ru led out by the cu rrent 
EU legi s lat ion, because it wou ld  com prom ise the ex ist ing sk in  test ing system . An 
effective d i agnostic test capable of d i fferentiat ing i n fection from vacc ination wou ld  
therefore be essent ia l .  l t  may a l so be appropriate to engi neer the vacc ine to inc lude 
some form of molecu lar  'tag' (an addit ional ant igen absent from natural M. bovis for 
example) to a l low the pos itive identification of vacc inated an ima ls .  I ntrod uction of the 
national  a n i ma l  identification scheme, wh ich wi l l  fac i l itate mon itor ing of the h i story of 
ind ividua l  an imals ,  cou ld a l so provide c i rcumstances more favou rable to i ntroduction of 
a TB vacc ine  for selected cattle popu lat ions at risk of infect ion .  
6.4.1 6 I n  contrast to a badger vacc ine, a catt le vacc ine wou ld  have to protect a n i ma l s  
aga i nst estab l ishment o f  persistent in fection : a reduction of  the bacter ia l  load i n  in fected 
an ima ls  wou ld not be an acceptable outcome. 
6.4 .1 7 Assu m i ng that the majority of herd brea kdowns a re not due to cattle-to-cattle 
transm ission, catt le vacc ination wou l d not erad icate the risk of d i sease. However, it 
cou ld red uce the r isk of herd breakdowns and hence resu l t  in a lower frequency of 
test ing.  The efficacy req u i red of a cattle vacc ine depends on the r isk of infect ion, which 
cu rrently varies i n  d i fferent  regions of the cou ntry and is  reflected in the herd 
breakdown rate and the herd test ing in terva ls .  By apply i ng a s imple mathematical  
model ,  wh ich assu mes that the n u mber of reactors i n  each breakdown herd is  about 
one and that a l l  a n i ma l s  are vacc inated, it i s  pred icted that, i n  reg ions cu rrently 
su bjected to annua l  test i ng, a vacc ine efficacy of over 90% wou ld be req u i red to reduce 
the test ing i n terva l to four  years. However, if used i n  conju nction with other contro l 
methods that lower the risk of i n fection (e.g. red uction of infection i n  badgers), a 
vacc ine of lower efficacy cou ld achieve the same resu lts. 
6.4. 1 8  Del ivery of a cattle vacc ine cou ld be cons iderably easier than i n  the case of 
badgers. A range of potential del ivery systems, i nc lud ing  injection,  wou ld be avai lab le .  
I f  regu latory approva l were consi dered l i ke ly, i t  i s  poss ib le that pharmaceut ical 
compan ies wou ld be interested in development and ma rket ing of a cattle vacc ine. 
6.4.1 9 There wou ld  be l i ttle short-term f inanc ia l  benefit i n  vacc ination of cattle as a 
control strategy, because of the need to conti nue i ntensive herd test i ng i n  the ta rget 
popu lat ions.  However, i n  the longer term, if a vacc ine proved effective i n  reduc ing herd 
breakdowns, there cou ld  be s ign ificant savings. The extent of the savi ngs wou ld depend 
on whether the cost of vacc ination was borne by the farmer or by Government. A fu l l  
cost-benefit ana lys is  wou l d  be necessary once the properties o f  a n  effective vacc ine 
are known . 
Development and testing of vaccine candidates 
6.4.20 The development of a vacc ine for cattle has not been a h igh  prior ity in the 
research programme on M. bovis i n  the U K .  However, as outl i ned above, advances i n  
the  molecu lar  genetics o f  mycobacter ia l  organ isms together with the emergence of  new 
vacc ine del ivery systems, has created opportun it ies for vacc ine  development. 
I nternationa l l y, the research effort i n  this area is  l i m ited because on ly  in a few cou ntries 
is the herd breakdown rate suffic ient ly h igh to cause concern . One such cou ntry, 
New Zea land, where the pri nc i pa l  w i ld l ife reservo i r  of in fection is bel ieved to be the 
possum, has an  active research program me on vacc ine development for catt le and is 
now a l so active ly  consider ing a possum vacc ine. An effective catt le vacc ine cou ld  have 
s ign ificant pub l ic  health and trade benefits for many developing countries. 
6.4.21 Both the identification of new candidate antigens and the progress ion from in it ial 
screen ing of vacc ines to test ing i n  the target spec ies wou ld be s ign ificant ly easier for a 
cattle vacc ine than i n  the case of a badger vacc i ne. Experi mental cha l lenge systems have 
been descri bed in cattle, for example, and considerably more background i nformation 
and immu nologica l reagents are ava i lab le for studyi ng responses to a vacc ine  i n  catt le 
as compared with badgers. The ava i lab i l ity of exper imental mode l s  of the d i sease and of 
immun isation (BCG) i n  the natu ra l  host is  of major advantage for stud ies of immune 
responses to M. bovis a i med at identification of new cand idate antigens for vacc ination 
and for u se in d i agnostic tests. S im i lar ly, f ield eva l uation of vacc ine efficacy and safety 
presents s ign if icantly fewer obstacles than is the case for a badger vacc ine .  
6.4.22 The development of a vacc ine can be considered i n  three phases. 
( i )  Candidate vacci nes are generated and tested i n  laboratory models 
(such as  m ice and gu i nea pigs). 
( i i )  Promis ing cand idates are eva l uated i n  experimental cha l lenge stud ies i n  
the  target host to  estab l i sh  appropriate vacc ination protocols (dose, route 
of immun isation,  etc . ) .  
( i i i )  F ield tria l s  are carried out to determ ine the effi cacy and safety u nder 
operational  cond it ions. 
The prec ise ti mescale for research of this nature is d i fficu l t  to pred ict, but we est imate 
that each of these phases wou ld last about five years. We recommend there should be a 
formal review of progress after five years. 
6.4.23 E lements of the i n it ia l  phase of laboratory-based research wi l l  be s im i l a r 
whether the eventual  vacc ine is ta rgeted towards catt le, badgers, or hu mans. However, 
th i s  phase should a l so incl ude stud ies of the immune responses of catt le to M. bovis 
with the a im of identify ing antigens that may have part icu lar  ut i l ity for vacc i nation or 
d iagnosis i n  th i s  species. Progress to the l ater stages depends upon the successfu l 
generation of prom is ing cand idates. Effective l i a i son between those respons ib le for the 
in i t ia l  laboratory phase and those responsib le for the l ater stages wi l l  be essentia l  to 
ensure the logistica l requ i rements of imp lementation are fu l l y  taken into account in  the 
early stages. We recommend that MAFF should consider how best to ensure th i s  
programme is  effect ive ly  co-ord i nated . 
6.4.24 We recommend there shou ld a l so be stud ies to develop better epidem iological 
models  that can be u sed to eva l uate the l eve l of protection req u i red of a vacc ine to 
obtain s ign ificant fi nancia l  and other benefits. 
6.4.25 Lega l and trade imp l ications of catt le vacc ination wou l d  have to be addressed 
at an early stage, bearing in m i nd that bov ine TB is not a un iquely B rit ish problem. 
Profile of an effective badger vaccine 
6.4.26 The nove l research opportu n ities descri bed above for development of a catt le 
vacc ine can a lso be appl ied in  the case of a vacc ine for control of TB in badgers. 
Vacci nation of badgers in order to red uce the nu mber and i nfect iou sness of badgers 
with active TB is  in two ways a more attractive option than catt le vacc inat ion.  
6.4.27 Fi rst ly, not a l l  the badgers at risk of infection wou ld have to be vaccinated in  order to 
ach ieve a large decrease in prevalence. This is due to 'herd immunity', where unvaccinated 
an ima l s  are i nd i rectly  protected due to the lower risk of infection i n  a popu lat ion with 
vacci nated an ima ls .  This i s  in  contrast to the si tuation in catt le, where (assuming that 
i nfect ion is from an external sou rce) vacc ination of a proport ion of the an i mals  in a herd 
w i l l  not red uce the risk of exposure to i nfection i n  the remai n ing suscept ib le an imals .  
6.4.28 Second ly, a red uction in  the number and/or infectiousness of badgers infected 
with M. bovis cou ld be ach ieved by a vacc i ne wh ich reduced the r isk of progress ing to 
active, i nfectious d i sease and/or which decreased the nu mber of organi sms exc reted i n  
active d i sease. Thus,  in contrast to the requ i rements for a cattle vacc i ne, a badger 
vacc ine may be effective even if vacci nated an ima l s  cont in ued to harbour a low leve l of 
persi stent infect ion.  
6.4.29 In add it ion, combi ned use of badger vacc ines and other i nterventions such as 
catt le vacc i nation and h usbandry practices may act synergi stica l l y  to red uce the herd 
breakdown rate. However, due to the chance of imm igration of i n fected badgers and 
other wi ld l ife reservo i rs of M. bovis, badger popu lat ions wou ld  have to be vacc i nated 
frequently, espec ia l l y  if the effects of the vacc ine were short- l ived . The pract ica l  and 
f inancia l  imp l ications of repeated vacc inat ions wou ld  need to be considered . 
6.4.30 Del ivery of a badger vacc ine presents a major cha l lenge. Oral ba it ing provides 
a potentia l  approach for vacc ine de l ivery, but wou ld  requ i re development of a vacc ine 
that is  effective when del ivered by the oral route. Two bait tr ia ls carried out in I re land 
us ing biomarkers have demonstrated uptake by 60% and 8 1 %  of badger popu lat ion 
(McCarthy 1 99 3 ;  H ughes et al .  1 996) .  Efficient u ptake req u i res carefu l pos it ion ing of 
bait c lose to setts, however, as badgers have been shown to ignore feeders p laced 
outs ide of their  usua l  foragi ng areas. 
6.4.31 i t  i s  u n l i kely that a vacc ine cou ld  be del ivered to cubs prior to wea n i ng .  At the 
t ime of vacc inat ion, i t  can be ant ic i pated that a proport ion of badgers may a l ready have 
been exposed to M. bovis, and potentia l l y  harbour ing a progressive i nfection.  I n  such 
cases, an  effect ive vacc ine wou ld  have to confer 'post-exposure' protect ion.  Add i t ional  
immunological problems have to be addressed i n  development of a vacc ine that can 
fu nction u nder these condit ions, a lthough it should be noted that post-exposure 
vacc i nation is  cu rrently u nder active consideration in relation to human TB.  
6.4.32 I f  a vacc ine del ivered ora l ly i n  ba i ts cou ld ach ieve a 70-80% coverage but  gave 
only 50% protection aga in st infection, then the overa l l  impact of the vacc ine on the 
basic reprod uctive rate of the d i sease wou l d  be on ly  35-40%. Th i s  wou ld make i t  
u n l i kely that such a vacc ine cou ld e l i m i nate the i n fect ion .  G iven the  low chance of 
e l i m i nation of the d i sease, a decrease in the nu mber of i n fect ious badgers is  a more 
rea l i st ic goa l .  However, the re lat ionsh ip between the number  of infectious an ima ls  and 
the herd breakdown rate is  not known.  If  this re lat ionsh ip is  less than l i near, d ramatic 
reductions in the nu mber of infectious badgers wou l d  be requ i red to have a s ign ificant 
impact on the herd breakdown rate. 
6.4.33 The potentia l  ro le of ora l  vacc ination of w i l d l ife in d isease contro l ,  has been 
demonstrated in the case of rabies, with vacc i ne uptake rates as low as 50% prov ing 
effective. The vacc ine used in th is  case was a recombinant virus re lated to the sma l l pox 
vacc ine, expressi ng a major antigen of the rabies v i rus .  However, d i fferences in the 
ta rget spec ies (foxes as opposed to badgers), in the t ime cou rse of the d i sease and 
pattern of transm ission of the infectious agent, and in the immu nological mechan isms of 
protection, u nderl ine a need for caut ion in comparing the two d i sease s ituations. 
Development and testing of badger vaccine candidates 
6.4.34 As in the case of a catt le vacc i ne, i n it ia l  screen i ng of vacc ine cand idates can be 
done in wel l  establ ished mouse and gu inea p ig mode ls, but prom is ing cand idates must 
then be eva l uated in the target host. At the present time, experi mental systems for 
vacc ine eval uation i n  badgers are not avai l able. Pursu i t  of th is  work wi l l  requ i re 
suscept ib le badgers for experi mental stud ies, and conta i nment fac i l i t ies su i table for 
work on M. bovis i nfected badgers . On ly one very pre l i m i nary experi menta l study has 
docu mented attempts to test vacc ination of badgers aga i nst TB (Stuart et al. 1 988) ,  and 
the reagents req u i red to measu re immune responses in badgers (for detection of 
in terferon-gam ma, for example) have yet to be developed . F u rther work w i l l  be requ i red 
to assess the feas ib i l ity of badger vacc ination .  
6.4.35 The fie ld test ing of  a badger vaccine a l so presents a number of  d i ff icu l ties. 
Poss ib le  parameters to be used in j udging tr ial outcome inc lude: 
( i )  rates of i n fect ion and bacter ia l  excretion in badgers; and 
( i i )  breakdown rates i n  adjacent catt le herds. 
G iven the shortcomi ngs of cu rrent d i agnostic procedu res in detecting infection i n  l i ve 
badgers and the low inc idence and sporadic nature of cattle herd breakdowns, these 
measu rements may be i n sufficiently sensit ive to provide mean i ngfu l resu lts,  and 
mon itori ng the effects of badger vacc ination wou ld depend on improvements i n  
d i agnost ic tests, a s  d i scussed above. The poss ib i l ity o f  exposure of cattle to the badger 
vacc ine  wou ld  have to be considered, particu lar ly  in the case of a l ive vacc ine. Use of 
a badger vacc ine  wou ld a l so therefore requ i re deve lopment of a d i agnostic test that 
d i st ingu ishes infection with M. bovis from vacc ination i n  catt le. 
Vaccines for cattle and badgers 
6.4.36 Four important  poi nts have to be considered in com paring TB control strategies 
based on vacc i nation of catt le or of badgers . 
( i )  The requ i rement for an  effective badger vacc ine ( reduction of  bacter ia l  
excretion) i s  less demanding than that for an  effective cattle vacc ine 
(prevention of persi stent infect ion) .  
( i i )  Del ivery of  a badger vacc ine presents a series of  problems that are not 
encou ntered i n  the case of a cattle vacc ine. 
( i i i )  Experimental systems are cu rrently avai lable for development and test ing 
of a catt le vacc ine;  comparable systems have yet to be deve loped for 
badgers . 
( iv) A badger vacc ine wou ld be i neffective i n  contro l l ing transmission of TB to 
cattle from any addit iona l ,  as yet un identified, w i ld l ife sou rces. 
On ba la nce, we consider that deve lopment of a cattle vacc ine cu rrently represents a 
more feasib le goa l .  We recommend that th i s  should have a h igh priority a long with the 
pursuit of the necessary assoc iated d i agnostic test. Th is  is a long-term po l icy and the 
outcome is  u ncerta i n .  i t  must a l so be recognised that ach ievi ng the ti metable set out i n  
paragraph 6 .4 .22  wi l l  requ i re cons iderab ly  more resources for vacc ine research than the 
£0.4 m i l l ion a year cu rrently spent by MAFF. 
6.4.37 Cand idate vacci nes developed for cattle may a l so have efficacy i n  the badger. 
Much of the work done in the fi rst stages of developing a cattle vacc ine  wou l d  be 
appl icable to a badger vaccine .  A decis ion on which route to fo l low wou ld probably 
not need to be made u nti l the second phase of the development program me outl i ned 
in paragraph 6 .4 .22  above . Therefore, it i s  important that some work essent ia l  to the 
development of a badger vacc ine is  pu rsued in para l le l  with the catt le vacc ine work. 
6.4.38 The legal bar to us ing wi ld-caught badgers for experiments is  a s ign ificant 
imped iment to vacc ine  test ing i n  badgers . We consider that means should be sought to 
develop a n  experimental model of infect ion i n  the badger and to put i n  p lace the 
necessary immunological assays and d iagnostic  tests so that, in the longer term, selected 
vacci nes, poss ib ly  inc lud i ng BCG, cou ld  be tested i n  the badger. Th is  wi l l  ensure that 
the poss ib i l ity of a badger vacc ine is  he ld open for consideration when progress on 
vacc ination is  reviewed . 
6.5 B iological control 
6.5.1  Strategies for control of human TB are based on prevention of d i sease by 
vacc inat ion,  or reduction of transmiss ion by treatment of infectious cases. lt wou ld  
theoretica l l y  be  poss ib le to cure i n fected a n i ma ls  us ing the same drugs that are u sed to 
treat human TB .  Th is  treatment requ i res carefu l adm i n i strat ion of m u lt ip le  d rugs over a 
pro longed period . The problem is that i ncomplete therapy wou ld activel y  promote the 
development of drug-resistant M. bovis. This wou ld be a major pub l ic  health hazard 
and means that treatment of the d i sease i n  cattle or badgers has not been considered an 
acceptable opt ion .  However, treatment procedu res d i sti nct from those used i n  man are 
worth fu rther i nvestigat ion .  
6.5.2 One poss ib le  approach wou ld be to develop techn iques for reduc ing TB 
infection i n  badgers through biological control us ing bacteriophagesa to  destroy 
M. bovis in  the environment. Two potent ia l  d i fficu lt ies wh ich  wou ld need to be 
eva l uated in the early stages are : 
( i )  the  ease wi th  which M. bovis wou ld  evolve resi stance; and 
( i i ) the need to identify robust bacteriophages that cou ld survive i n  
the environment. 
We recommend that fu rther consideration should be given to eval uati ng the prospects 
for the development of successfu l techn iques in th is area. 
a 'Bacteriophages' are naturally 
occurring vi ruses that 
specifically infect bacteria. 
6.6 Conclusions and recommendations 
6.6.1 Use of defi ned antigens and a l ternative immu nological measurements may 
a l low the development of d iagnostic tests for bovine TB that offer improvements in  
terms of sensit ivity, spec ific ity and qua l ity contro l .  The u se of a l ternative tests may a lso 
resu l t  i n  red uction in cost of the test ing programme. However, it is u n l i ke ly that 
improved tests w i l l  lead d i rectly to a rad ica l  a l teration i n  prospects or  strateg ies for 
control of TB i n  catt le based on identification and remova l of infected an ima l s  
(paragraph 6 .3 .2 1  ) .  
6.6.2 PCR-based approaches i nvolving detection of  M .  bovis, both i n  environ mental 
samples from badger setts and as a poss ib le a lternative to mi crobiological  exa minat ion 
of badger carcases merit  fu rther eva luation (paragraphs 6 .3 . 28  and 6 .3 .29 ) .  
6.6 .3  App l ication of  new techn iques i n  mycobacter ia l  genetics offer excit ing 
opportu n it ies for development of nove l l ive attenuated and subun i t  vacc ine cand idates 
that may ass ist in  contro l of TB in catt le (section 6 .4) .  
6.6.4 Deve lopment of a catt le vacc ine cu rrently appears more feasible than a badger 
vacc ine given, among other th i ngs, the avai l ab i l ity of d i fferent del ivery systems and 
exper imenta l mode ls  to deve lop and test a vacc ine. We recommend th is  research 
shou ld  have a h igh priority, w h i le recogn is ing it is long-term and the outcome 
u ncerta in .  Legal and trade impl icat ions wou l d  have to be add ressed at an  early stage 
(paragraphs 6 .4 .25 and 6 .4 .36) .  
6.6.5 Any catt le vacc i n ation programme wou l d  req u i re a d i agnostic test capable of 
d i fferentiat ing between infected, inc lud ing  catt le infected fo l lowing vacc i nation, and 
vacci nated an imals .  Th is  test should be developed in paral le l  with the vacc i n e  work. 
l t  may a l so be appropriate to engi neer the vacc ine to i nc l ude some form of molecu la r  
'tag' to a l low positive identification of vacc inated an ima l s  (paragraphs 6.4 . 1 5 and 6.4.36) .  
6.6.6 A catt le vacc ine  wou ld  req u i re a h igher efficacy than a badger vacc ine and 
wou ld  have to protect agai nst the establ ishment of persi stent infect ion;  but a lower 
vacc ine  efficacy mi ght be effective if i t  were used in conju nction with other measu res 
that lowered the r isk of infection (paragraphs 6.4 . 1 6 and 6 .4 . 1 7) .  
6.6.7 Vaccine development wou ld fa l l  into three phases, each of about five years. 
Achieving th i s  ti metable w i l l  requ i re considerab ly  more resources for vacc ine research 
than the £0.4 m i l l ion a year current ly spent by MAFF. Progress shou ld ,  in any event, be 
forma l l y  eva luated after five years (paragraphs 6 .4 .22  and 6 .4 .36 ) .  
6.6.8 Much of  the fi rst phase work for a catt le vacc ine wou ld  be appl icable to a 
badger vacc ine :  a decis ion on which route (either or both) to fo l low would  probably 
need to be taken i n  the second phase of the development programme out l i ned i n  
paragraph 6 .4 . 22 .  The fi rst phase shou ld  inc l ude stud ies of the i m mu ne responses of 
cattle to M. bovis with the a i m  of ident ify i ng antigens that may prove usefu l for 
vacc ination or d i agnosis of th is  spec ies (paragraphs 6 .4 .23  and 6 .4 .37 ) .  
6.6.9 Effective l i a i son between those responsib le for the i n it ia l  laboratory phase work 
and those responsible for the later stages wi l l  be essent ia l  to ensure the logi stica l 
requ i rements of implementat ion a re fu l l y  taken i nto account  in the early stages of 
vacc ine development. We recommend that MAF F  should consider how best to ensure 
effective co-ord i nation of the progra mme (paragraph 6 .4 .23 ) .  
6.6.1 0 There wou ld  be l i tt le short-term fi nanc ia l  benefit in vacc i nation of cattle as a 
control strategy, al though an effective vacc ine cou ld  prov ide sign if icant savi ngs i n  the 
longer term. A fu l l  cost-benefit ana lys is  shou ld be carried out once the properties of an 
effective vacc ine are known (paragraph 6 .4 . 1 9 ) .  
6.6 . 1 1 Work essential to the development of a badger vacc ine should proceed in 
paral lel  with catt le vacc ine work to ensu re th i s  option rema ins  open : i n  particu l ar, the 
necessary immu nological assays and d iagnostic tests should be developed and an 
experimental model of i n fection in the badger shou ld be put in p lace so that, in the 
longer  term, selected vacc ines, poss ib ly i nc lud ing BCG, cou ld  be tested in the badger 
(paragraph 6.4 .38) .  
6.6.1 2 lt i s  essent ia l  that vacc ine development work i s  co-ord inated with ana logous 
vacc ine  devel opment progra m mes for human T B .  We recommend that MAFF should 
consider fu rther how th is  m ight most effectively be ach ieved, i nc lud ing through the 
involvement of i ndependent experts (paragraph 6.4. 1 4) .  
6.6.1 3 Better epidem iological models, to  eva l uate the  level o f  protection req u i red of  a 
vacc ine  to obta in s ign ificant benefit, should be deve loped (paragraph 6 .4 .24) .  
6.6.1 4 Procedu res for treat ing the d i sease, d i sti nct from those used i n  man, are worth 
investigat ion.  We recommend fu rther consideration of developing techn iques for 
reducing TB infection in badgers through bio logica l  contro l ,  for example us ing 
bacteriophages to destroy M. bovis i n  the environ ment (paragraph 6 . 5 . 2 ) .  
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7 Conclusions and recommendations 
7.1  The scale of the problem 
7.1 .1 Bovine TB is  cu rrently a re lat ive ly u ncommon d i sease in G reat B rita i n  as a 
whole.  In 1 996, new cases occu rred i n  ju st over 0.4% of the catt le herds. However the 
d i sease is  not u n iforml y  d i str ibuted throughout the cou ntry. In parts of South-West 
England,  with a h i story of herd breakdowns, the annua l  i nc idence of confi rmed 
breakdowns is  over 1 %, whi l st in  parts of the North and East of B rita i n ,  the d i sease is 
v i rtua l l y  never recorded . 
7. 1 .2 Si nce the late 1 980s, the annua l  i nc idence has been i ncreas ing rap id ly. Th i s  is 
pr inc ipa l l y  because of i ncreas ing inc idence in South-West England but a l so because the 
d i sease i s  occurr ing i n  other areas. There is  a la rge c luster which has expanded north 
from Wi l tsh i re and Avon ,  through G l oucestersh i re, to Hereford and Worcester. The 
d i sease is a l so occurr ing in areas with no recent h i story of i n fection (e.g. parts of West 
Staffordsh i re and the Cower Pen i nsu la) .  Over the past 1 0  years annua l  inc idence of 
confi rmed breakdowns i n  South-West England has increased from 0 .3% to over 1 %. 
Over the rest of Great Br ita i n  the increase has been from 0.02% to 0 . 1 7%. 
7.2 Why does it matter? 
7.2.1  Bovine TB is  cu rrently a negl ig ib le r isk to human health i n  the UK. I n  1 995,  
3 2  out of  approxi mately 3 ,200 cases of  TB in which cu l tures were taken were due to 
M. bovis. M .  bovis i nfection is  found ma in ly  i n  older people who may have contracted 
the d i sease before the present control measures were introduced . The annua l  r isk of 
contracti ng cu l ture-confi rmed bov ine TB (1 i n  2 m i l l ion) is extremely sma l l  in relat ion 
to the r isk of contract ing cu l ture-confi rmed M. tuberculosis TB ( 1  in  20,000), HIV ( 1  i n  
23 ,000), meni ngit is ( 1  i n  20,000) or food po ison ing  ( 1  i n  600). We therefore consider 
that the present measu res of tuberc u l i n  test ing and pasteu risation of m i l k  are cu rrent ly 
suffic ient to protect publ ic health.  However, we recommend that the inc i dence of 
M. bovis TB i n  hu mans should be kept u nder review i n  the l ight of the i ncreas ing 
inc idence i n  catt le and given the potential that it has to cause health prob lems i n  the 
human popu lat ion.  
7.2.2 I n  addit ion to the potent ia l  human health r isk, we have identified four  ma in  
argu ments for fu rther contro l  measu res a t  the  present ti me. 
( i )  I nd iv idua l  farmers experiencing herd breakdowns suffer f inancia l  losses ­
MAF F  data show 1 , 722 farmers were affected by confi rmed and 
unconfi rmed breakdowns in 1 996. Based on NFU data for 1 995,  MAFF 
est imate the average cost to a farmer, not tak ing catt le prem i u m  schemes 
i nto accou nt, as £8,700. 
( i i )  There are a lso the human welfare costs for farmers whose herds are affected. 
( i i i ) There are an ima l  we lfare grou nds for red ucing bov ine TB to a m i n i m u m :  
the d i sease is  l i ke ly  to cause d i stress. 
( iv) The cost to the taxpayer of the TB controls, inc luding testi ng, compensation, 
badger contro l  and related activit ies is  cu rrently about £ 1 6 m i l l ion a year. 
U nder E U  leg is lation the test ing freq uency is re lated to herd breakdowns. 
Therefore an i ncrease i n  these cou ld impose addit ional costs on the 
taxpayer. Calcu lat ion of this i s  not stra ightforward, but test ing cu rrently 
costs about £ 1 1 m i l l ion a year. 
7.2.3 If the i nc idence were to rise sign ificantly th is  cou ld ,  i n  pr inciple, have sign ificant 
trade impl ications. It m ight, for example, be necessary to impose movement l icences on 
stock go ing from one region to another. 
7.3 The l ink with badgers and other wi ld l ife 
7.3.1 The evidence that badgers transmit  TB  to catt le i n  the natural s i tuat ion is  a l l  
i nd i rect. The strongest evidence i s  from cases i n  which complete, o r  near complete, 
removal of badgers from an a rea is fo l lowed by a red uction in ,  or complete cessation 
of, herd breakdowns. However, none of these has i nvo lved a properly contro l l ed 
experiment. Other re levant evidence is as fol lows. 
( i )  L im ited l aboratory stud ies have demonstrated that badgers can  transmit 
TB to catt le .  
( i i )  I n fected badgers i n  the  wi ld  can shed la rge n umbers of  bacteria .  
( i i i )  There is  substant ia l  evidence for an  association between infection i n  
badgers and  herd breakdowns. 
The sum of th is  ev idence strongly supports the view that badgers are a cause of herd 
breakdowns. 
7.3.2 The attribution of the cause of herd breakdowns is  based on a standard protocol .  
MAFF cu rrently attr ibutes between 80% and 90% of herd breakdowns i n  South-West 
England to badgers. Other poss ib le  causes i nc l ude transmiss ion from neighbour ing 
farms, i ntroduction of infected catt le and transmiss ion from wi ld l ife spec ies other than 
badgers. The present protocol i s  not suffic iently rigorous in its des ign .  We therefore 
recommend that attr ibution of the cause of breakdowns shou ld  be made more trans­
parent: a l l  breakdowns should be c lassified accord ing to the presence or absence of 
badgers i n  the a rea . I nformation on whether or not i n fection has been detected 
( i nc lud ing the severity of any in fection) i n  any badgers present should a l so be recorded 
where th i s  i nformation is ava i lable, for example from road traffic acc ident data. 
7.3.3 The Department of Agricu l ture for Northern I re land (DAN I)  has carried out a 
stat ist ical  ana lys is  of the ro le of badgers, comparing breakdown farms with u naffected 
control farms. Th is  suggested that badgers were impl icated in 4 1 % of herd breakdowns 
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on farms where no new cattle had been i ntroduced . A complete stat istical ana l ys i s, 
encompass ing a range of information, should be carried out in G reat B ri ta i n  (see 
paragraph 7 .5 .7) .  
7.3.4 Badgers are not the on ly w i ld l ife spec ies to ca rry M. bovis. Prev ious est imates 
suggest that the preva lence is h igher in badgers than in other spec ies . The poss i b i l ity of 
other w i ld l ife spec ies acti ng as reservo i rs of i nfection should be kept under scruti ny. 
We recommend that the risk to cattle from other spec ies shou ld  be assessed in the a reas 
of h igh  herd breakdown risk tak ing accou nt of fou r  key factors : 
( i )  preva lence of the d i sease; 
( i i )  t he  severity of  the  d i sease and  its effect on infectiv ity; 
( i i i ) abundance of the spec ies; and 
( iv) the extent of contact with cattle inc lud ing the movement range of 
the wi ld l ife .  
7.4 F ield stud ies of badgers 
7.4.1 There is  a cons iderable body of knowledge on the ecology and behaviour of 
badgers in  certa i n  popu lat ions.  The soc ia l  structu re varies from place to place. In  h igh 
dens ity areas badgers l ive i n  groups of up to 25 i nd iv idua ls  and are h igh ly  territoria l .  I n  
low dens ity areas they can be so l i tary and non-territoria l .  They feed la rge ly  on 
invertebrates, but a l so on fru it and cereals and come into contact with cattle pri ncipa l ly  
through foraging in  pastu res for worms or i n  farm bu i ld i ngs and through scent-marking 
a long the edges of pastures. 
7.4.2 A national survey in the mid to late 1 980s est imated that the overa l l  popu lat ion 
of badgers in  the U K  was about 250,000 . A further census i n  1 997 suggests that the 
nu mber  of badgers has increased between 1 988 and 1 997,  with marked increases in the 
West Mid lands and South-West England.  
7.4.3 B adger remova l operations are not a threat to overa l l  badger numbers. Data 
suggest that removal operat ions cu rrent ly k i l l  far fewer badgers in  G reat B ri ta in  than do 
road accidents: in  1 9 86 - 1 989 MAF F  k i l led an  average of 732 badgers per year in  South­
West England, whi le  the carcases of, on average, 1 ,044 badgers k i l led in road acc idents 
were submitted annua l ly  by the pub l ic  in  the same area. 
7.4.4 Removal of badgers from an area cou ld exacerbate the problem of TB spread 
by d i srupt ing the territor ia l  system, which l i m i ts lateral transmiss ion between groups. 
Evidence for this comes from three sources. 
( i )  New badgers, i nc lud ing both non-territoria l  mi grants and neighbours, 
invade territories from which i nd i v iduals  have been removed . 
Movements between territories a l so occur  more freq uently when 
popu lation density is  low. 
( i i )  The pattern of  defaecation and  ur i nation i n  a group appears to  change 
when i nd iv idua ls  have been removed . 
( i i i )  A smal l-scale study at N i bley i n  G loucestersh i re suggests that rema i n i ng 
badgers i n  a group may range more widely when some members have 
been removed . 
Th is  evidence is not conc lus ive i n  prov ing that c u l l i n g  badgers exacerbates the problem 
of TB spread, but the poss ib i l ity can not be ignored . Any such effects wou ld probab ly  be 
most marked where there is i ncomplete trapping of soc ia l  groups. 
7.4.5 We recommend that future research on badgers should i nc l ude three priorit ies : 
( i )  extens ive surveys that w i l l  contr ibute to ana l yses of how variation between 
local areas in the r isk of herd breakdown is connected with badger 
presence or absence and variations in the prevalence and severity of the 
d i sease in badgers (paragraphs 7 . 5 .5 to 7 . 5 .7 ) ;  
( i i ) us ing molecu lar  epidem iology to u nderstand more about the badger to 
catt le transmiss ion dynamics with i n  i ntensively stud ied areas (section 7 .6) ;  
and 
( i i i ) est imation of recolon i sation ti mes (paragraph 7.8 . 1 5)  at s i tes su bject to the 
proactive and reactive cu l l ing strateg ies referred to in paragraph 7 .8 . 1 3 .  
7.5 Epidemiology of the disease in badgers and in cattle 
7.5.1 Catt le become infected with M. bovis by i n ha lation or i ngestion of bacteria .  In 
many cases the infection is  confi ned to the l u ngs and lymph nodes assoc i ated with the 
respi ratory tract but i n  a m i nority of cases it spreads throughout the body. An ima ls  may 
be infected for months or years before showing obvious c l i n ical signs. Dur ing th i s  
period they in term ittent ly excrete M. bovis i n  nasa l  secret ions.  U nder the cu rrent reg ime 
of herd test ing a n i ma ls  ra rel y  d i sp lay  overt s igns of the d i sease. 
7.5.2 The cou rse of infection and the ma in  features of the d i sease appear to be 
broad ly  s im i lar  in badgers but there appears to be greater variation in its severity. Some 
infected an ima l s  remain  free from c l i n ica l  signs for several years and are i ntermittent  
excretors, wh i l st others develop severe d i sease with i n  a few months and excrete la rge 
amou nts of bacter ia in sputum and i n  some cases a l so i n  pus and u rine (up  to 200,000 
organ isms per ml and 300,000 organ isms per ml in pus and u rine respectively) .  
7.5.3 M. bovis i nfection may be h igh ly  local ised wi th i n  badger popu lations. 
Transmiss ion seems to occur more freq uently wi th i n, rather than between, soc ia l  groups. 
7.5.4 Unquantif iable b iases in the data on  prevalence of TB in badgers mean that it i s  
d i fficu l t  to rel ate patterns of infection i n  catt le and badgers over t ime and space. These 
prob lems are fu rther exacerbated by the pauc ity of data avai lable fol lowing the cessation 
of the road traffic accident survey. 
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7.5.5 Testing  of road traffic accident badgers offers an  important sou rce of data on the 
u nder ly ing d i sease prevalence. We recommend a l i m ited rei ntroduction of the road 
traffic accident su rvey targeting areas with h igh ( i nc lud ing the areas of the experiment 
referred to i n  paragraph 7 .8 . 1 3 )  or increas ing herd breakdown rates and nearby areas 
with low breakdown rates. Data gathered in th i s  way on the preva lence and severity of 
the d i sease w i l l  a l low a more rigorous ana lys is  of the l i n k  between herd breakdowns 
and the prevalence of TB in badgers over t ime and space. 
7.5.6 The d i str ibution of herd breakdowns in Great Br ita i n  is  very patchy. Most herds 
do not suffer from TB and, of those that do, most (85%) had on ly  one breakdown 
between 1 987 and 1 996. Even with i n  the geographica l  a reas of h igh  overa l l  risk, such 
as South-West England,  the risk varies greatly on a local sca le. We do not cu rrent ly 
understand why. 
7.5.7 We recommend that an analys is  is ca rried out to determ ine  the correl ates of 
local variation i n  r isk. Relevant data wi l l  i nc lude presence/absence of badgers, 
prevalence and severity of TB in badgers, h usbandry, c l i mate and landscape var iables .  
Data shou ld  be  co l l ected for h igh and  low r i sk  locations. Sources o f  i nformation wou ld 
i nclude the data from rigorous attribution of the cause of herd breakdowns (some samp l ing 
of badgers would be necessary in low risk areas), the recommended road traffic accident 
su rvey and other newly col l ected information.  
7.5.8 This  analys is  wou l d  encompass the approach taken by DAN I  i n  their  case 
control study and prov ide quantitative evidence on the re l at ive i m portance of badgers 
and other factors contri buting to herd breakdowns. it may a l so provide ind ications for 
future husbandry pol icies. Th is  ana lysis shou ld  be completed with i n  the next 1 8  months. 
7.5.9 There are various est imates of survival of M. bovis in the environment. MAF F  
data suggest survival ranging from three days (M. bovis in  u ri ne  on  pastu re i n  summer) 
to 70 days (M. bovis in bronch ia l  pus in wi nter) . Survival ti mes are probably longest at 
relat ively h igh humid it ies and u nder dark cond it ions such as are found in badger setts 
and farm bu i ld i ngs. Weather cond it ions a l so probably affect survival ti mes and hence 
catt le exposure to bacter ia on pasture. 
7.5 . 1 0 Ur ine has been proposed as a s ign ificant sou rce of i nfection .  MAF F  data 
ind icate that about 1 3 % of badgers with v is ib le lesions suggestive of TB have lesions i n  
the kid neys, and  ur ine is  known to  conta in  h igh level s  of M .  bovis. Scent-marki ng by 
ur i nat ion at bounda ries is  a prom inent aspect of badger behaviour. However there is  no 
quantitat ive evidence with which to eva l uate the re lative importance of u r ine and other 
sou rces of i nfection . 
7.5.1 1 Estab l i sh ing transmission routes i s  h igh ly  des i rable, part ly because of the 
imp l ications for husbandry and part ly  because of the contribution th i s  wou l d  make to 
understanding local variation i n  r isk. We recommend that fu rther consideration should 
be given to whether appropri ate techn iques can be developed to research th i s  i ssue. 
7.6 Molecular typing of the infective agent 
7.6.1 I n  pr inc ip le the 'molecu lar  fi ngerpri nt i ng' of M. bovis in badgers should prov ide 
conclusive evidence to determ ine whether, and to what extent, badger to cattle transmission 
occu rs. MAFF has started to type M. bovis us ing spol igotyping.  Analys is of these data 
shows that there is  spatia l  c l u ster ing of types and an assoc iation between types i n  
badgers and i n  catt le. 
7.6.2 We recommend extend ing the u se of these too ls  to ana lyse the spat ia l  and 
temporal dynamics of the disease in badgers and other wi ld l ife as wel l  as cattle. This should 
be a ca refu l l y  designed, in tens ive study over restricted a reas. The opt ima l  proced ure 
wou l d  involve a combi nation of two or more methods of molecu la r  typ ing.  
7.7 Model l ing 
7.7.1 Mathematical mode l l ing is an important tool i n  understand i ng the epidem iology 
and control of M. bovis in badgers . Mode l l ing stud ies have, so far, taken one of two 
comp lementary approaches. The fi rst uses relatively s imp le ana lyt ical  models. The 
second involves complex, deta i l ed s imu lat ions.  
7.7.2 The fi rst category of models  has been used to identify potenti a l ly important 
factors in d i sease transmiss ion and i n  popu lat ion dynamics of badgers. The second 
cou ld ,  in theory, be used to s imu late the effectiveness of d i fferent cu l l ing strategies. 
However, at the moment there are i nsufficient data to parameterise the mode ls .  
7.7.3 Various model l i ng approaches should be deployed i n  futu re to contr ibute to the 
u nderstand ing of d i sease transmiss ion.  
( i )  Combi ned use of geographica l  i nformation systems and epidem iological 
models may help to understand M. bovis transmission on a wide spat ia l  
sca le (see a l so paragraph 7 . 5 . 7) .  
( i i )  Stati stical model s  can  he lp  design f ield tr ia ls to test the pred ictions of 
transm ission mode ls .  
( i i i )  L i nk ing economic and transmiss ion models can he lp to assess the costs 
and benefits of d i fferent control strategies. 
7.7.4 The in tegrative model l i ng approach is  common practice i n  med ica l  
ep idem iology and has been used in the ana lys is  for th i s  Review. We recommend that its 
use should be extended to futu re mode l l i ng  stud ies. MAFF shou l d  harness external 
expert ise to extend its capacity i n  th is  area. We further recommend that there shou ld  be 
better l ia ison between model lers and MAFF to ensure that the data gathered are better 
able to meet research needs.  
4.4 
4.5 
5.2 to 5 .4 
3.6.5 
7.8 Badger management and control strategies 
Previous strategies 
7.8.1 Dur ing the past 20 years, MAFF has used fou r  cu l l i ng  po l ic ies :  gass i ng,  c lean 
ri ng, i nter im and l ive test. 'No cu l l i ng' has not  been u sed as  a pol icy, a l though i n  one 
site i n  a reg ion of  relative ly h igh TB inc idence (Woodchester Park, G l oucestersh i re), 
badgers have not been cu l led for many years. 
7.8.2 The po l ic ies have not been compared in a properly designed experiment for 
their  efficacy in reduc ing the inc idence of TB i n  catt le .  lt is therefore not poss ib le  to 
d raw firm concl us ions about the i r  effectiveness or to ana lyse the i r  re lative cost­
effectiveness. However, the fol l owing paragraphs i nd icate the conc lus ions that can 
tentativel y  be d rawn. 
7.8.3 The gassing  and c lean r ing strateg ies, in effect, e l im i nated or  severe ly reduced 
badger popu lat ions from an area and appear to have had the effect of reduc ing or 
e l i m i nating the occu rrence of TB in local  cattle popu lat ions.  The effect lasted for many 
years after the cessation of cu l l i ng, but eventua l l y  TB retu rned . 
7.8.4 The i nteri m strategy, in troduced fo l l owing  the Dun net report, is not l i ke ly  to 
be effective i n  reduc ing the badger-related inc idence of TB i n  catt le for the fol lowing 
reasons. 
( i )  The po l icy involves removing badgers from a l i m ited area (the reactor land,  
or the ent ire farm sufferi ng the herd breakdown if  the former can not be 
defi ned) ;  but soc ia l  groups of badgers may occu py severa l setts cover ing 
more than one farm. 
( i  i )  Part ial removal of groups cou ld exacerbate the spread of TB by perturbation 
of the territoria l  soc ia l  structu re and increased movement of badgers 
(paragraph 7.4.4) .  
( i i i )  There is  no attempt to prevent recolon isation by badgers of potentia l l y  
infected setts: even if i nfectivity i n  the  setts i s  not a problem, i m m igrant 
badgers may bring i n  new i nfect ion.  
I n  addit ion, the cu rrent operat ion of the i nter im strategy i nvolves a delay (27 weeks in 
1 995)  to the start of the remova l .  The average period from the herd breakdown to the 
completion of the remova l was 41 weeks in 1 995 .  
7.8.5 I n  common with the clean r ing strategy and the l i ve test tr ia l ,  the effectiveness 
of the in ter im strategy is  fu rther u nderm ined by the fa i l u re to remove lactat ing sows, 
wh ich  may a l so be i nfected .  We recogn i se that cu l l i ng  lactating sows has a welfare cost 
in terms of the cubs left in the setts but th is  needs to be balanced aga inst wider an ima l  
health and welfare considerations for both cattle and badgers . 
7.8.6 The rapid increase i n  inc idence of TB si nce the late 1 980s has coi ncided with 
the i ntroduction of the in ter im strategy. it m ight be tempt ing to conclude that the 
increase in  catt le breakdowns has been caused by the introduction of the strategy. 
However many other changes cou ld account for the inc rease (e.g. c l i matic effects, 
increasing badger popu lations) . Whi lst  the inter im strategy has apparently not been 
effective in preventing the recent increase, there is no basis on which to compare its 
effectiveness with that of any other strategy. 
7.8.7 The l ive test tr ial  a i med to target c u l l i ng at in fected badgers or setts with 
infected badgers. However, si mple ca lcu lations show that with the low sensit iv ity of the 
l ive test for TB in  badgers (4 1 %), and assu m i ng a d i sease preva lence of 30%, even 
doubl ing the number of an ima ls  previous ly caught for test ing wou ld g ive on ly a 50% 
chance of detecting infection at a part icu lar  sett. 
7.8.8 The efficacy of the test cou ld  in pr inc ip le be improved by apply ing it to whole 
soc ia l  groups rather than to ind iv idua l  setts. This wou ld involve the addit ional  effort of 
mapping socia l  group bou ndaries as wel l  as increas ing the number of an imals  tested . 
We therefore concl ude that the l ive test does not form the basis of a cost-effect ive 
control strategy. 
7.8.9 A l l  the prev ious control strategies have been ' reactive' ( imp lemented in  
response to herd breakdowns) . The key featu res wh ich are l i ke ly  to infl uence the 
effectiveness of any reactive strategy inc l ude the fo l lowing :  
( i )  the size of the a rea c leared ( inc lud i ng the extent to which th i s  takes into 
account badger territor ia l ity); 
( i i ) the efficiency of the badger removal operat ion (to ensure a l l  in fected 
badgers are removed and m i n i m ise any problem of pertu rbation associated 
with part ia l  removal of soc ia l  groups); and 
( i i i )  the prevention of recolon isat ion for a sufficient period . 
7.8.1 0 'No cu l l i ng' has been appl ied i n  Great B rita in  on ly  at Woodchester Park where 
there has been no cu l l i ng at a l l  s i nce 1 979.  Here, the inc idence of herd breakdowns is  
not statist ica l l y  different from that in the surround ing areas where the inter im strategy 
has been in force. However, the analysis is based on a smal l  sample s ize; the comparison 
was not set up as a formal experiment; and Woodchester Park may wel l  be an atypical 
area . This evidence does not therefore prov ide a suffi cient basis on which to compare 
the impact of 'no cu l l ing' with cu l l i ng .  
7 .8.1 1 We have considered the prospects for ferti I ity control as a TB control strategy. 
We conc lude that ferti l ity control is l i ke ly  to be less effective than cu l l i ng as a strategy 
to reduce TB in badger popu lat ions and hence transm ission to catt le. 
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Future strategies 
7.8 .1 2 Although cu l l i ng appears to be effective in some c i rcumstances, we can not, on 
the bas is  of the present evidence, compare the impact and cost-effectiveness of d i fferent 
strategies. A proper experi menta l assessment is  the only way to test rigorous ly the 
effectiveness (and a lso cost-effectiveness) of d i fferent strateg ies and to prov ide a sound 
basis for future po l i cy. Although this wou ld  have sign ificant resou rce impl ications for the 
Government, these must be considered in the context of the actua l  and potentia l  costs 
of TB .  An ana logy might be the evidence req u i red to recommend the widespread use of 
a new therapeutic d rug. 
7.8.1 3 We therefore recommend a random ised block exper iment of three strateg ies: 
a reactive c u l l ing strategy, a proactive c u l l i ng strategy and a no cu l l ing strategy. 
7 .8 . 1 4  We suggest that the most appropriate reactive strategy wou Id be to target 
cu l l ing at soc ia l  groups where a badger-attr ibuted breakdown has been identified . Th is  
would i nvolve removing a l l  badgers, includ ing lactating sows, from a l l  soc ial  groups, with 
territories i nc lud ing the breakdown farm (or the reactor land if th is  can be rigorously 
identified) .  There shou ld be suffic ient fo l low-u p  to ensure that every member of every 
soc ial  group which cou ld have cau sed the in i t ia l  breakdown has been removed . 
7.8 . 1 5 Idea l ly recolon isat ion of setts should be prevented for a period under the 
reactive strategy. This wou l d be costly. We therefore consider that the costs should be 
balanced aga inst the potential benefits i n  dec id ing  whether th i s  should be inc l uded in  
the deta i led experimental des ign. In any event, given the lack of  data on recolon i sation 
ti mes, we recommend that fu rther research shou ld be done on this in a reas subject to 
both the reactive and proactive control strategies. 
7.8.1 6 Proactive and no culling strategies are essential e lements of the exper iment to 
prov ide benchmarks aga in st which to assess the effectiveness of the reactive strategy. I f  
c u l l ing is  effective, proactive cu l l ing wou ld give the earl iest i nd ication of th i s .  
7.8 . 1 7 The proactive strategy wou l d  involve total remova l of complete badger soc ia l  
grou ps from loca l i sed areas at h igh r isk of breakdown before herd brea kdowns. Th i s  
strategy wou ld  requ i re regu lar  mon itori ng and a l so, probably, revis i t ing after two to 
three years to deal with renewed badger popu lations. 
7.8 . 1 8 The three treatments should be appl ied in the 'hot-spots' where the r isk of 
contiguous and repeat breakdowns is  greatest. Here their impact w i l l  be most qu ick ly 
seen and a l so greatest, and hence most read i l y  assessed . These areas can be ident ified 
from the h i story of past breakdowns.  Our  analys is  suggests poss ib le cr iteria for i nc l usion 
in the experiment and identifies about 30 1 Okm by 1 Okm sq uare areas i n  England and 
Wales which meet these. These squares wou ld encompass about two th i rds of the 
repeat and contiguous breakdowns which have occu rred over the l ast five years 
( 1 992 to 1 996). 
7.8.1 9 To be effective, the experi ment must encompass a sufficient nu mber of areas 
and each one m ust be of suffic ient size. l t  must i nc lude a random ised design and should 
have equa l  nu mbers of a reas assigned to each of the three treatments at the outset. The 
Government wou ld  need to consider any l egal imp l ications of imposing particu lar  
treatments on part icular areas. We consider that 30 1 Okm by 1 Okm 'hot-spot' areas wou ld  
be the m i n i mu m  requ i red for the experiment to prov ide suffic ient stati stica l power. We 
calcu late that the proposed sample size wou ld be very l i kely to detect a 20% drop in 
TB breakdowns in five years. The cumu lative number of badgers k i l led i n  the five years 
of the experiment is u n l ikely to be su bstanti a l l y  d i fferent from the number k i l led i n  the 
present i nterim  po l icy (roughly 2,000 a year on the basis of 1 996 figu res). Moreover, i t  
i s  l i ke ly  to be sign ifica nt ly l ess than the  number  k i l led i n  road traffic acc idents. 
7.8.20 Such an experiment wou ld  have two key resu l ts. F i rst, it wou ld provide 
unambiguous evidence on the role of the badger in cattle TB. Secondly, i t  wou ld 
prov ide quant itative data for a cost-benefit ana lys is  of the d i fferent strateg ies, i nc lud ing  
'no  cu l l i ng'. Through appropriate model l i ng, and tak ing accou nt of  the resu l ts of  the 
m u l t i -variate ana lys is  of local variations i n  r isk recommended in paragraph 7.5 .7 above, 
it wou ld prov ide a bas is  for determ i n i ng appropriate po l icies for both 'hot-spots' and 
other areas. it i s  i mportant that MAFF does not delay the start of this experi ment. 
We recommend that it i s  i n i t iated with in fou r  months (by spring 1 998) .  
7.8.21 We recommend that the fol lowing measu res should be taken to enhance the 
efficacy of badger remova l operations. 
( i )  The average 41 week delay from the herd breakdown to completion of the 
badger removal operation is  undesi rab le:  ta rgets for reduced delays should 
be set and mon itored for removal operations. 
( i i )  The use of  stop-snar ing should be  explored as  an  a l ternative to  trappi ng 
where badgers are to be cu l l ed ,  tak ing account  of efficacy, cost and 
welfare considerations. 
7.8.22 We also recommend that fu rther considerat ion shou ld  be given to what farmers 
themselves can contribute. Th is  i s  important to secure their  'ownersh ip' of the 
experimental approach .  lt i s  in  the i r  in terests to ensu re that the experiment is  proper ly 
impl emented and not undermi ned in  any way. Farmers mi ght be involved in a nu mber 
of ways : with MAF F  carry ing out appropriate tra i n ing  and supervis ion,  they cou ld  
perform a substant ia l  e lement of the operat ion (e.g. mapping setts, pre-ba it ing traps) . 
They m ight a l so be invol ved in identify ing and record ing badger acti vity. I n  addit ion, 
they cou ld  contr ibute to the costs . 
7.8.23 We recommend that an i ndependent Expert Group, i nc lud ing statistic ians and 
mathematical epidem iologists, shou ld  be estab l i shed to oversee the deta i led experi mental 
design,  i nc lud ing the fina l  determ i nation of the areas to be inc l uded in the experiment. 
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They shou ld a l so mon itor the progress of  the experiment and the TB situation in  a reas 
outside the experiment. A key function wou l d  be regu lar ly to ana lyse the data (bl ind,  to 
the extent poss ib le, and on a confidentia l  basis) to judge if the experiment is showing 
sign if icant d i fferences between the three treatments which wou ld  req u i re it either to be 
mod ified or stopped a l together. We envisage that five years wou ld  be req u i red to 
prov ide data for the necessary quantitative ana lysis of the relative efficacy of the three 
strategies. However, qualitative resu lts may be avai lab le earl ier (poss ib ly with i n  two to 
three years) .  
7.8.24 Outside the experi mental area, there wou l d be three ma in  poss ib i l it ies : 
( i )  no c u l l i ng; 
( i i )  the reactive strategy, a s  appl ied in the ma in  experi mental areas; o r  
( i i i )  an  extension o f  the experiment. 
7.8.25 On balance we recommend that no c u l l ing should be carried out outside the 
hot-spot areas. G iven the low risk of TB breakdown and the even lower r isk of repeated 
breakdown, areas outside the h ighest r isk 'hot-spots' a re not best su i ted for test ing 
c u l l i n g  strateg ies. The costs of extend ing the a rea of the experiment to lower r isk a reas 
therefore have to be balanced aga inst the l i m ited va lue th is  wou ld add. However, TB 
inc idence in catt le and preva lence in badgers in  these areas should be kept under 
review. We recommend that the Expert Group shou ld keep u nder review whether there 
is suff icient  evidence that any new herd breakdown areas, wh ich  a re not p icked u p  by 
the ana lysis of h i stori cal data, mi ght justify incl us ion in the experiment. 
Husbandry 
7.8.26 We suggest that areas outside the ma in  experiment wou ld  be su itable for test ing 
a sma l l  number of proactive hu sbandry methods to assess the extent to which these 
m ight be effective i n  reduc ing r isk. We recogn i se that hu sbandry may be more 
a ppropriate in some c i rcumstances than others. Nonetheless, i t  is importa nt that there is  
every incentive for farmers to take a l l  poss ib le measu res to protect their  herds agai nst 
the d i sease and m i n i m ise costs to the taxpayers. Comparison of h usbandry practices 
wou l d  form part of the analysis of the risk of herd breakdowns referred to i n  paragraph 
7 . 5 . 7 .  We recommend the poss ib i l ity of test ing various proactive husbandry strateg ies 
should be explored with the farm ing industry. 
7.8.27 The pri mary responsi b i l ity for implementi ng an experi mental eva luation of 
husbandry should be with the farm ing industry. The ro le of MAFF should be to prov ide 
advice on design and analysis of the experiment (th is  could be done by the i ndependent 
Expert G roup referred to in paragraph 7 .8 .23 )  and to determ ine  any incentives that 
m ight be provided . Husbandry may wel l  prove to be part of the long-term so lu tion .  
7.  9 Diagnostic tests 
Cattle 
7.9.1 The sk in  test has a sensit iv ity, defi ned as the proportion of infected an ima l s  
correctly identified, of between 77% and 95%, based on  the  'standard i n terpretat ion' of 
the test. The spec if icity, defined as the proportion of u n i nfected an ima l s  correctl y  identi­
fied , i s  over 99%. These figu res are based on the appl ication of the test at the level of the 
i nd iv idua l  an ima l .  However, if the test i s  appl ied at herd level ,  the sensit iv i ty is  h igher. 
7.9.2 Research so far in Northern I re land and Au stra l i a  shows the in terferon-gamma 
blood test to be comparable to the tuberc u l i n  test in terms of sensit ivity, but i nferior in 
terms of spec ificity and that the two tests detect s l ight ly d i fferent grou ps of pos it ive 
a n i mals .  A bl ood test wou ld  potentia l l y  have benefits i n  m in i m is ing  the d i sruption and 
inconven ience of test ing for farmers. i t  cou ld  be usefu l for retesti ng an imals  i n  break­
down herds. DAN I is a l so working on a d i agnostic test com pris i ng cockta i l s  of antigens. 
Aga in this has not so far shown sign if icant improvements i n  spec ific ity or sensit ivity but 
this work cou ld  have benefits for vacc ine development. 
7.9.3 A sign ificant amount of work is  go ing  on in other cou ntries on d i agnostic tests 
and Great Br ita in should benefit from th is .  We be l ieve that any improvements i n  th is  
area wi l l  be i ncrementa l .  We conc lude that further work i n  Great Br i ta i n  should 
therefore focus on a vacc ine rel ated d i agnostic test (see paragraph 7 . 1  0 .8  be low). 
Badgers 
7.9.4 The l ive test for badgers, the so-ca l led B ROCK test, detects on ly  about 40% of 
infected badgers. Development of improved d iagnostic techn iques cou ld have a sign ifi­
cant impact on contro l  strategies and cou ld  be an important too l for ep idem iological 
survei l lance. In  particu lar, a blood-based immu nological test would be essential to monitor 
any badger vacc ination programme (see paragraphs 7 . 1 0 . 1 1  and 7 . 1 0 . 1 2 be low). 
We recommend that work on deve lopment of improved tests for badgers should be 
pu rsued in the context of the vacc i nation progra mme. Th is  wou l d have a lower priority 
than development of the vacc ine  rel ated d iagnostic test for catt le.  
7.9.5 We also recommend that the scope for us ing modern DNA ampl ification 
techn iques, such as the polymerase cha in  reaction (PCR), for d i agnosis should be fu rther 
explored . The PCR is  qu i cker than m icrobia l  cu l ture and can detect the remnants of 
dead bacter ia in add it ion to l iv ing organ isms. If suffic ient ly sensit ive, we see two 
appl ications for such a test. 
( i )  it cou ld provide rapid screen ing of samples from badger carcases. We suggest 
MAF F  shou ld  consider whether th is  m ight be an a l ternative to cu l ture .  We 
est imate that ex ist ing assays cou l d  be opti m ised wi th i n  one to two years. 
( i i )  MAF F  cou ld monitor the  presence and  d i str ibution of  i n fection by 
environmental samp l i ng of a reas used by badgers. 
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7.1  0 Vaccines 
7.1 0.1 We recommend that the best prospect for control of TB in the Br it ish herd is  to 
develop a cattle vacc ine .  Th is  is a long-term po l i cy and success cannot be guaranteed . 
But the potentia l  benefits are substant ia l  and we consider th i s  should be a h igh  prior ity. 
Cu rrently no money is ta rgeted at th is  specific area a l though 26% of MAFF's tota l TB 
research budget is  spent on  the related area of badger vacc ines. 
7.1 0.2 The time is  r ipe to bu i l d  on the major world-wide cu rrent research on h u man 
vacc ine development:  the s im i l a rity between M. bovis and M. tuberculosis means that 
resu l ts from genome sequencing and identification of ant igenic properties are l i kely to 
have substant ia l  read-across. We recommend that vacc ine  deve lopment work should be 
co-ord i nated with ana logous programmes for human TB and that MAFF should give 
fu rther consideration to how this m ight most effectively be ach ieved, i nc lud ing through 
the i nvolvement of independent experts. Note should a l so be taken of catt le vacc ine  
work bei n g  carried out  in  other cou ntries, espec ia l ly New Zea land .  
7.1 0.3 Two approaches to vacc ine  development shou ld be fu rther considered : 
a genetical l y  mod ified l ive attenuated vacc ine and one made of antigenic elements 
(a subun i t  vacc ine) .  Each has advantages and d i sadvantages that req u i re fu rther 
considerat ion .  The latter approac h is  c lear ly preferable i n  terms of safety and qual ity 
contro l .  However, a l ive atten uated vacc ine may be easier to achieve. 
7 . 1 0.4 Vacc ine deve lopment wou ld  fa l l  i nto three phases, each of about five years : 
identification of candidate vacc ines; experi menta l  invest igation of vacci nation protocols ;  
and f ield tr ia ls .  We recommend that the fi rst stage should i nc lude research on  the 
immune responses of catt le to M. bovis with the a im of identify ing ant igens wh ich  may 
be usefu l in vacc i nation or d iagnosis.  We also recommend that MAFF shou ld consider 
how best to ensure effective co-ord in ation between those respons ib le for the i n i t ia l  
laboratory ph ase and those responsib le for the l ater stages so that the logist ical 
req u i rements of imp lementation a re fu l l y  taken into accou nt in the early stages. 
7 . 1 0.5 Our cu rrent est imate is  that a vacc ine for field tr ia ls  cou l d  be avai lable with i n  
ten years, if the best groups i n  the U K  were harnessed to work on the problem. However, 
achieving th is  ti metable w i l l  requ i re considerably more resources than the £0.4 m i l l ion  a 
year cu rrently spent by MAF F. We recommend that progress shou ld be formal ly reviewed 
after five years, tak ing account of developments i n  wider, re lated a reas ( i nc lud ing the 
resu l ts of the cu l l ing experiment) . 
7.1 0.6 If the majority of herd breakdowns are due to a w i l d l ife source of infection, a 
sustai ned programme of vacc ination wou l d  be needed . A catt le vacc ine wou ld not have 
to have 1 00% efficacy: the efficacy requ i red depends on the r isk of i n fection and this is 
d i fferent in d i fferent parts of the country. G iven the objective of reduc ing test ing to fou r  
yearly intervals, one model suggests that a n  efficacy level of at least 90% wou ld be necessary 
to secure eventua l  control of the d i sease i n  catt le in h igh risk a reas. A lower efficacy 
vacc ine cou ld  ach ieve the same resu l ts if used in conjunction with other control methods 
that lower the risk of in fection (e.g.  reduction of infection in badgers and husbandry) . 
7.1 0.7 If MAF F  were to bear the fu l l  costs of del iver ing the vacci nation to catt le, 
a lthough there cou ld be sign ificant sav ings in the longer term, it wou ld be l i kely to cost 
more than the cu rrent test ing regime in the fi rst few years. Alternative ly farmers cou ld 
bear the cost of vacc i nati on.  Once the properties of an effective vacc ine  a re known, a 
cost-benefit ana lys is  wou ld  have to be performed . We recommend that better 
ep idem iological models should be deve loped to eva luate the level of protection 
requ i red of a vacc ine to obta i n  sign if icant savi ngs. 
7.1 0.8 Use of a cattle vacc ine is  effective ly proh ibited by the cu rrent EU legis lation 
because it wou ld  compromise the tu bercu l i n  ski n test. lt w i l l  be c ruc ia l  to develop a 
spec ific d i agnostic test which can detect and d i fferentiate between i n fected an ima ls, 
inc lud ing those that have become infected even after vacc ination, and vaccinated an imals .  
A vacc ine such as BCG, for example, cou ld  resu l t  i n  fa lse posit ive reactions us ing the 
cu rrent tubercu l i n  test. We recommend that such a test should be developed a longside 
the vacc ine.  In due cou rse fu rther consideration shou ld a l so be g iven to i nc l ud ing some 
form of molecu lar  'tag' in the vacc ine to enable identification of vacc inated an ima ls .  
7.1 0.9 Legal and i nternational trade impl ications of  a vaccine would have to be addressed 
at an early stage, beari ng i n  m i nd that bovine TB is not a un iquely B rit ish prob lem. 
7.1 0.1 0 Vaccination cou l d  be appl ied to catt le or to badgers . Research undertaken 
dur ing the i n i t ia l  stages of a vacc ine programme (fi rst five years) wou ld be re levant to 
both strateg ies. We bel ieve that a catt le vacc ine  cu rrently offers a more feas ib le goa l ,  
and so shou ld have the h ighest priority, for three key reasons :  
( i )  ease of del ivery; 
( i i ) the ava i lab i l ity of exper imental an ima ls  for development tr ia l s ;  and 
( i i i )  catt le are the u lt imate target. Vacc ination of badgers wou ld not address 
d i sease in cattle ari s ing from sou rces other than the badger. 
7.1 0.1 1 Vaccine requ i rements for badgers are less demanding than those for catt le .  
A badger vacc ine  wou l d req u i re merely red uction of bacteria l  excret ion, whereas a 
catt le vacc ine wou ld req u i re prevention of the establ ishment of i nfection . A badger 
vacc ine wou ld a l so have a usefu l effect in reduc ing the l i ke l i hood of badger to catt le  
transfer even i f  on ly  a proport ion of  the badger popu lat ion were vacc inated . We 
therefore recommend that the option of a badger vacc i ne, us ing the i nformation ga i ned 
in catt le '«ork, should be retai ned as a fa l l -back pos it ion if the catt le vacc ine  
requ i rements can not be met. 
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7 .1 0.1 2 We further recommend that some work essential to the development of a badger 
vacc ine is pursued in para l lel with the cattle vaccine work. In particu l ar, it w i l l  be essential : 
( i )  to  have suscept ib le badgers and appropriate conta i n ment faci I it ies to  test 
candi date vacc i nes; and 
( i i )  to develop a blood-based immunological  test wh ich  wou ld have an  
important role i n  mon itor ing any  vacc ination programme. As  for cattle, 
such a test wou ld  be requ i red to d ifferentiate between natura l l y  i nfected 
and vacc inated an imals .  
7 . 1 0.1 3 There cou ld be commercia l  interest in  developing a catt le vacc ine .  
We recommend that MAFF  should explore the  poss ib i l ity of  partnersh ip  w i th  industry i n  
developing a vacc ine. 
7.1 1 B iological control 
7.1 1 . 1 The r isk of transmiss ion of human TB is reduced part ly  by vacc ination and 
part ly  by treatment of i nfect ions.  We recommend that further consideration shou ld be 
given to developing techn iques for reducing TB i nfection in badgers through biological 
contro l ,  for example using bacteriophages to destroy M. bovis i n  the environ ment. 
7.1 2 Data availabi l ity 
7.1 2 . 1  Key data have not a lways i n  the past been read i ly  ava i lable to researchers in  
th i s  area.  We have seen welcome signs of a change of approach but recommend that 
there shou ld be a clear comm itment by Govern ment to ensur ing data are made ava i lable 
at the ear l iest poss ib le opportu n i ty. Th is  wi l l  ensure that important research opportun ities 
are not lost or postponed and make opti m u m  use of the i nevitably l i m ited pub l ic  
resou rces avai lab le for research i n  th is  area. 
7.1 2.2 We suggest, i n  part icu lar, that deta i l s  of MAF F  databases shou ld  be entered on 
web sites. Due note should be taken of restrictions u nder the Data Protect ion Act and 
other considerations, e.g. i nte l lectua l  property rights. I f  necessary, access to the actual  
databases cou ld be restricted to bona f ide enqu i rers and clear gu idel i nes cou ld  be 
issued on pol icy for data users. 
7.1  3 Research 
7.1 3 . 1  Only  5 %  of  MAF F's £ 1 .7 m i l l ion TB  research budget is  cu rrently contracted 
out. We recommend MAFF should ensure i n  future that research is com miss ioned from 
those with the best expert ise from throughout the UK research comm u n ity. We also 
recommend that MAFF should look at partnersh ips with i ndustry, u n iversit ies and other 
fund ing agencies to develop a more co-ord inated approach .  
7. 1 3 .2 Over n i ne ti mes as much money is spent on TB control (£ 1 6  m i l l ion a year) as 
is spent on TB research (£1 .7 m i l l ion a year) i n  G reat B rita i n .  Th is  contrasts with the 
pos it ion in New Zealand where the abso l ute amount spent on research by the 
Govern ment is near ly three t imes as h igh (nearly £5 m i l l ion) as i n  Brita i n  and the amount 
spent on control is just u nder twice that spent on research.  The money spent on research 
in Br ita i n  is very sma l l  given the economic cost of the d i sease and the u ncerta in ties that 
surrou nd many key issues. G iven the need for su bstant ia l  cont i nu i ng research i n  th is  
area we recommend that the Government should review the amount spent on research 
in abso lute terms and consider whether the a l location of resources between research 
and control costs is correct and the extent to which it wou l d  be reasonable for the 
ma in  benefic iaries (the farmers) to contr ibute to the control costs from which they 
benefit d i rectly. 
7.1 4 Summary of recommendations 
7.1 4.1  We have grouped our  recommendations i nto fou r  categories. 
A. To understand the causes of herd breakdown, we recommend: 
( i )  stat ist ical ana l ys is  and ep idem iological model l i ng to assess the corre lates 
of local variat ion in risk, tak ing  account of the presence of badgers, 
together with preva lence and severity of TB, and husbandry, c l imate and 
landscape var iables (paragraphs 7.4.5( i )  and 7.5 .7 ) .  Th is  wi l l  i nc l ude: 
(a) col lection of more deta i led and transparent data on herd breakdowns 
(paragraph 7 .3 .2 ) ;  
(b) a l i m ited re introduction of  the road traffic acc ident su rvey in areas with 
h igh, low and increas i ng TB breakdown rates (paragraph 7 .5 .5 ) ;  
(c )  col lect ion of addit ional  data; 
( i i ) appl ication of molecu la r  stra i n  typ ing techn iques i n  combinat ion for 
longitud ina l  study of TB transmiss ion between w i ld l ife and cattle 
(paragraphs 7.4.5 ( i i )  and 7 .6 .2) ;  
( i i i ) development of improved tests for detect ion of M. bovis i n  badger carcases 
and in environmental samples us ing DNA ampl i fication techn iques 
(paragraph 7 .9 .5 ) ;  
( iv) development of appropriate techn iques for research to estab l i sh  
transmission routes (paragraph 7 .5 . 1 1  ) ;  and 
(v) ana lys is of the r isk to catt le from other w i ld l ife spec ies in a reas of h igh 
herd breakdown (paragraph 7 . 3 .4) .  
B. To evaluate the effectiveness of currently avai lable strategies to reduce herd 
breakdowns, we recommend:  
( i )  a random ised experiment to be put  i n  p lace immed iately  to determ i ne 
the impact and effectiveness of 'no cu l l i ng' and proactive and reactive 
c u l l ing pol i cies (paragraph 7 .8 . 1 3 ) in a m i n i m u m  of 30 hot-spot a reas 
identified i nc lud ing :  
(a) the formation of an i ndependent Expert G roup, inc lud ing stat ist ic ians 
and mathematical epidem iologists, to determ ine the areas to be 
inc l uded in the experiment, to oversee the experi mental design a nd to 
mon itor progress and the TB situation i n  a reas outside the experiment 
(paragraph 7 .8 .23 ) ;  
(b) esti mation of  reco lon isation ti mes a t  s ites subject to the  cu l l i ng  
strategies (paragraphs 7 .4 . 5 ( i i i )  and  7 .8 . 1 5 ) ;  
(c) removal of l actat ing sows i n  the reactive and proactive cu l l ing 
treatments (paragraph 7 .8 . 5 ) ;  and 
(d) fu rther measures to enhance the effic iency of badger removal 
operations, i nc l ud i ng through increased i nvo lvement of farmers 
(paragraphs 7 . 8 . 2 1  and 7 .8 .22 ) ;  
( i i )  no cu l l ing shou ld  be undertaken outside the hot-spot areas su bject to the 
experiment (paragraph 7 .8 .25 ) ;  
( i i i )  husbandry may wel l  p lay an  important ro le as  part of  the long-term 
so lu t ion.  MAF F  should work with the farm ing  industry to eva luate the 
effect of various proactive h usba ndry methods on the inc idence of herd 
breakdown i n  areas outs ide the main  experiment with : 
(a) the industry tak i ng the lead and pri mary respons ib i l ity for 
implementat ion;  and 
(b) MAF F  fac i l itati ng, provid i ng advice on the design and ana lys is  of the 
experiment, and determ in i ng  any incentives that m ight be provided 
(paragraph 7 .8 .26  and 7 .8 .27 ) .  
C. To develop improved strategies to  reduce herd breakdown, we recommend: 
( i )  development of  a vacc ine to protect cattle agai nst TB (paragraph 7 . 1  0 . 1 )  
inc lud i ng: 
(a) better co-ord ination with human TB vacc ine programmes (paragraph 
7 . 1  0 .2 ) ;  
(b) development of  a d iagnost ic test to d i st ingu ish infected from vacc i n ated 
catt le (paragraph 7 . 1  0 .8 ) ;  
(c )  research on the immune responses of  cattle to M. bovis with the a im of 
identify ing antigens which may be usefu l in vacc ination or d i agnosis 
(paragraph 7 . 1  0.4) ;  
(d) effective l i a i son between those responsib le for the i n it ia l  laboratory 
phase and those responsib le for the later stages to ensu re the logist ica l  
requ i rements of imp lementation are fu l l y  taken into account  i n  the ear ly 
stages (paragraph 7.1  0 .4) ;  
(e) epidem iological mode l l ing to pred ict the effectiveness requ i red of a 
catt le vacc ine (paragraph 7 . 1 0 .7 ) ;  and 
(f) explorat ion of partnersh ip  with industry i n  vacc ine deve lopment 
(7 . 1 0 . 1 3 ) ;  
( i i ) the option of a badger vacc ine  to protect agai nst TB should be reta i ned 
(paragraph 7 . 1 0 . 1 1 ) , i nc lud ing :  
(a) developing procedures for eva luation of  vacc ines i n  badgers 
(paragraphs 7 . 1  0 . 1 2) ;  
(b)  development of a blood-based immu nological test for badgers 
(paragraphs 7 .9 .4 and 7 . 1 0 . 1 2 ) ;  
( i i i )  fu rther consideration shou ld be g iven to the poss ib i l ity of  reduc ing TB 
infect ion i n  badgers through biological contro l ,  for example us ing 
bacteriophages (paragraph 7 . 1 1 . 1  ) .  
D. Other recommendations are: 
( i )  extending the use of integrative model l i ng (paragraph 7 . 7.4) ,  i nc lud ing :  
(a) harness ing external expert ise i n  th i s  area ; and 
(b )  better l i a i son between data col lectors and model le rs to ensure data 
gathered are best able to meet research needs; 
( i i )  a c lear comm itment by  Govern ment to ensur ing data are made avai lable 
for research at the earl iest opportu n i ty (paragraph 7.1 2 . 1 ) ;  
( i i i ) research shou ld be commissioned from those with best expert ise from 
throughout the research comm u n ity (paragraph 7 . 1 3 . 1  ) ;  
( iv) development of a better co-ord inated approach to research through 
partnersh ips with i ndustry, u n ivers it ies and other fu nd ing agencies 
(paragraph 7 . 1 3 . 1 ) ; 
(v) to review the amount spent on resea rch both in abso lu te terms and as a 
proportion of the tota l MAFF TB budget (paragraph 7 . 1 3 .2 )  inc lud i ng 
consideration of the extent to which it wou ld be reasonable for farmers to 
contri bute to measu res from wh ich  they benefit d i rect ly, beari ng i n  m i nd 
the comparison with New Zea land ; 
(vi) the inc idence of M. bovis TB i n  h u mans  should be kept under review i n  
the I ight of the increas ing  inc idence i n  cattle (paragraph 7 .2 . 1  ) .  
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Consultation 
1 We cond ucted extensive formal and i nforma l  consu l tation to ensure that a l l  
i n terested parties were g iven the opportu ni ty to contri bute to ou r work. We are most 
gratefu l for the valuable i n puts of everyone who responded . We gathered evidence in a 
variety of ways : 
(a) written evidence from i n terested organ i sations and i nd iv idua ls ;  
(b) oral evidence g iven in presentations and meeti ngs and dur ing v is its to 
affected areas; 
(c) a 'town meeti ng' in Ju ne, attended by key experts and representative groups. 
Written evidence 
2 Al l  interested parties were inv ited to submit written evidence. I n  a l l ,  68 subm issions 
were received, inc lud ing  3 1  from the fo l lowi n g  organ isations and academic  i nstitut ions:  
B l uebe l l  Sett C l i n ical Studies Group 
Brit ish Veter inary Assoc iat ion 
Cou ntry Landowners' Assoc iation 
Dartmoor Badgers Protection League 
Devon Catt le Breeders' Soc iety 
Eng l i sh Natu re 
Fami ly  Farmers' Assoc iat ion 
Farmers' Un ion of Wales 
G loucestersh i re Cou nty Cou nc i l  
I nstitute of Terrestr ia l  Ecology 
Lancash i re Badger G roup 
L ivestock Auctioneers' Assoc iation 
Mammal Soc iety 
Med ica l  Research Cou nc i l  
N at ional  Catt le Associat ion 
National Farmers' U n ion (London) 
National Farmers' U n ion (Centra l ,  South West and West Mid lands Regions) 
Nat ional  Tru st 
Radstock Co-operative Soc iety Ltd 
Royal Agricu ltural Soc iety of England 
Roya l Co l l ege of Veter inary Su rgeons 
Roya l Soc iety for the Prevent ion of Cruelty to An ima ls  
U n iversity Col lege London Med ical School (Dr  He len  Donoghue - joint  
submiss ion with Miss Eun ice Overend) 
U l ster Farmers' U n ion 
U n ivers i ty Col lege, Cork (Professor Maire Mu lcahy and Dr Paddy Sleeman) 
U n ivers i ty of L iverpool (Professor Andrew Cossins  and Professor Tony  Hart) 
Un iversity of Oxford (Wi ld l i fe Conservation Research U n it and Fauna and 
F lora I nternat ional)  
Wi ld l ife and Cou ntryside Link (com pris ing the National Federation of Badger 
Groups, Mammal Society, RS PCA, Wi ld l ife Trusts) 
Women's Farm ing U n ion 
3 I n  add it ion, 37 submiss ions were received from i nd iv idua ls .  A l l  written 
submiss ions are ava i lable, except where confident ia l ity has been requested, i n  the main  
MAFF l ibrary at 3 Wh iteha l l  P lace, London SWl A 2 H H  to persona l  ca l l ers or telephone 
enq u i rers (Tel : 0645 335577) .  
Oral evidence 
Presentations 
4 Presentations were made to the Review Group by : 
Mr John Ga l l agher, ret i red Sen ior Veter inary Invest igation Officer, Starcross 
Veteri nary Investigat ion Centre 
Professor Stephen Harris, Un iversi ty of Bristol 
MAFF (Or  Kate B rown, Mr Andrew Tu rnbu l l ) ,  inc lud ing Central Science 
Laboratory (Or Chris Cheeseman) and Veter inary Laboratories Agency 
(Or Richard Cl ifton-Hadley and Or G l yn Hewi nson) 
Or David Macdonald,  U n ivers ity of Oxford 
Or Ti m Roper, Un ivers ity of Sussex 
Or Dick van Sool igen , National I nstitute of Pub l ic  Health and the Env i ronment, 
the Netherlands 
Meetings and visits 
5 I n  addit ion, meeti ngs were held with representat ives from key interest grou ps to 
d i scuss the issues ra ised i n  their  submissions i n  more deta i l :  
(a) the farm ing industry (the Cou ntry Landowners' Assoc iat ion, the Fa rmers' 
U n ion of Wa les and the Nat ional  Farmers' U n ion) ;  
(b) veter inary i nterests (the Br it ish Veter inary Assoc iation and the Roya l 
Co l lege of Veter inary Su rgeons); and 
(c) w i ld l ife organ isations (Wi ld l ife and Cou ntrys ide L i nk,  representing the 
National Federat ion of Badger G rou ps, the Mammal  Society, the RSPCA 
and the Wi ld l ife Trusts). 
6 Vis i ts were made to a beef farm and a da i ry farm i n  South-West England, to the 
MAFF Wi ld l ife U n it and to the Woodchester Park Badger Research Statio n .  
7 As part of learn ing about experience e l sewhere, we vis ited the Agr icu l ture 
Departments in Northern Ire land and the Repub l ic  of I re land and d i scussions were held 
with Dr  Terry Ryan and Dr  Robert Sanson of the Min i stry of Agricu ltu re and F i sheries i n  
New Zealand.  
Town meeting 
8 To supp lement th i s  consu l tat ion, the main quest ions to be add ressed i n  the f inal  
report were out l i ned and d i scussed at a 'town meeti ng' on 25 June 1 99 7  attended by 
3 7 key experts and representative grou ps. 
Proportion of total herds with reactors (both 
confirmed and unconfirmed) 1 962 to 1 996 
Year South-West England Rest of England and Wales 
1 962 2 .95 1 .45 
1 963 1 .8 1 .07 
1 964 1 .9 0.68 
1 965 1 .48 0 .56 
1 966 1 .56  0.44 
1 967 1 .65 0 .4 
1 968 1 .43 0 .36  
1 969 1 . 75 0 .34 
1 9 70 1 .6 0.3 
1 97 1  1 .7 0 .25  
1 972 1 .5 0 .2  
1 973 1 . 5  0 . 1 7 
1 974 1 .4 0 . 1 5 
1 975 1 . 65 0 .25  
1 9 76 0 .87 0.05 
1 9 77 0 .56  0.06 
1 9 78 0 .5  0.04 
1 979 0.4 0.04 
1 980 0.63 0.08 
1 98 1  0 .7 0.05 
1 982 0.57 0.07 
1 983 0.63 0 . 1 1  
1 984 0 .73 0 . 1 2 
1 985 0.75 0 . 1 1 
1 986 0.75 0. 1 0  
1 987 0.85 0.09 
1 988 0.86 0.09 
1 989 0 .96 0 . 1 4  
1 990 1 .24 0 . 1 6 
1 99 1  1 .80 0 .23  
1 992 1 .59 0 .27  
1 993 2 .47 0 .33  
1 994 2 . 94 0 .29  
1 995 2 .46 0 .38  
1 996 2 .6 1  0 . 5 1  
Note: deta i l s  of confirmed breakdowns were not avai lable for this period. Nor were comparable data available for Scot land. 
Source: MAFF data. 
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Key operational features of badger control 
strategies 
1 975 to 1 982 - Gassing strategy 
• Gassing of badgers was lega l i sed under the Conservation of Wild Creatu res 
and Wi ld P lants Act 1 9 75 .  
• Licences were issued only to MAFF staff (or those u nder their  contro l ) .  
• Voluntary agreement of herd owners was req u i red to enter their  l and and 
carry out gass ing .  
• An epidemiological investigation was carried out to determ ine the or ig in 
of the catt le infection and e l i m i nate poss ible  sources of d i sease other 
than badgers . 
• If badgers were imp l icated, the population was sampled to determine its 
infection statu s - in practice two carcases per soc ia l  group, with a 
m i n i m u m  of five i n  the sample, p lus  faeces sampl i ng. 
• If infection in badgers was confirmed, an area up to one k i l ometre from the 
farm boundary was su rveyed, to i nc lude the fu l l  territories of badgers on 
the infected farm : soc ia l  groupi ngs of setts were identified us ing field 
workers' experience and the location of setts. 
• All infected social groups, and grou ps i n  contact with them, were gassed . 
The area gassed was determi ned by the location of i n fected farms, infected 
badgers (samp les, i nc lud ing from road traffic acc idents), sett groupings and 
natural boundaries. 
• Al l  setts i n  the control area were gassed whether act ive or i nactive. 
• Gassed setts were rev is ited every th ree months for two years: in the fi rst 
1 2 months, reoccup ied setts were regassed to prevent recolonisation; after 
1 2  months, reco lon i sed setts were gassed on ly if pos itive badgers/faeces 
were fou nd.  
• Hydrogen cya n ide was considered i nhumane by 1 982 ( following an 
in vestigation by Porton Down as recommended by Lord Zuckerman) . 
1 982 to 1 986 - Clean r ing strategy 
• An epidemiological investigation was carried out to e l im i nate sou rces of 
infection other than badgers. 
• Badger social groups were del i neated by surveys and bait-mark i ng. This  
req u i red h igh staff resources and was opt imal  on ly  in spr ing when there 
was less vegetation and more badger act iv ity. 
• I nfection i n  badgers was identified by exa m i n i ng (post-mortem and cu lture) 
a sample of carcases - two per soc ia l  grou p .  
• Infected social groups p lu s  contiguous groups were cage-trapped and 
culled for post-mortem and laboratory exam inat ion .  
• Lactating sows were released (whether or not infected) .  
• Soc ia l  groups contiguous to infected groups conti nued to be removed u nti l 
a clean ring of social groups conta i n i ng no infected ind ividua l s  had been 
found and removed, or u nti l there was no badger activity. 
• Recolonisation by badgers was prevented for 6 months by fu rther trappi ng 
to prevent imm igrant badgers bring ing in new in fection or be ing infected 
from sett contam ination : the 'mai ntenance phase' . 
• Operat ions were cost ly and took an a verage of 25 months (epidem iological  
investigation of breakdown,  period to del i neate soc ia l  groups, sample 
resu lts awa ited , extent of clearance, new herd breakdowns) .  
1 986 to date - I nterim strategy 
• An epidemiological in vestigation is undertaken to e l i m i nate sou rces of 
infection other than badgers (see Appendix 7) .  A badger survey is carried 
out i n  parishes with no  recent h i story of d i sease i n  catt le attributed to 
badgers and the evidence presented to the ' m i n i -Panel ' .  
• Social groups are not defined (no ba it-marki ng) . 
• Cage trapping is carried out by Wi ld l ife Un it staff: trapped badgers are shot 
and exami ned post-mortem; samples are cu l tured in the laboratory. 
• Operation is l i m ited to the reactor land ( i .e. that part of the farm u sed by 
the reactor a n i ma ls, if identif iable, or the breakdown farm if not) . 
• No pre-removal sampling is u ndertaken : a l l  badgers us ing the reactor 
la nd/breakdown farm at the t ime of the removal are removed, whether or 
not i nfected . 
• Lactating sows (whether or not infected) are released : Professor Dun net's 
recommendation to destroy them was rejected by Min i sters. 
• Trapping stops when there is no further sign of badger activity on the 
reactor land: no steps are taken to prevent recolonisation after the 
operat ion is  completed . 
• In terim  strategy is quicker than the clean r ing strategy - no ma intenance or 
mon itor ing phase. 
1 994 to 1 996 - Live test strategy 
• This  was a trial of a strategy us ing the l ive test compared to an exist ing 
( i nteri m) strategy. 
• Epidemiological in vestigations were carried out to rule out sources of 
infection other than badgers (see Append ix  7) .  
• Selection criteria for entry i nto the tria l  had to be met, e .g .  MAFF South­
West Region, at r isk cattle herds su rrou nd ing breakdown farm, 
badger activity. 
• Badger investigations were randomly allocated to l ive test or interim removals. 
• Discriminatory - it attempted to identify infected popu lat ions of badgers 
(setts not i nd iv idua ls  or soc ia l  groups) by survey and E L ISA test ing in l ive 
test areas (pos itive setts :-vere removed) .  
• Operations extended beyond the breakdown farm to adjacent farms with 
cattle herds at risk from the same badgers which had caused the i ndex 
breakdown .  
• Lactating sows were released in a l l  tr ia l  areas. 
• Increased staff resou rces (two and a half ti mes greater than the interim strategy) . 
• Carcases were exami ned post-mortem and laboratory cu l tu re u ndertaken.  
• There was no revisiting to prevent recolonisation after the operat ion 
was completed .  
• This was a longer operation as there was a larger area to su rvey and 
control than i n  the other strateg ies (about 1 2  km2) .  
MAFF summary of action taken 
to the Dunnet review 
• 1 n  response 
Dunnet terms of reference 
'To conduct an overal l  review of the problem of dea l ing with badgers i n fected with 
bovine tubercu losis insofar as it affects the eradication of the d i sease in cattle, tak ing 
in to account changes in the field and research si nce Lord Zuckerman reported on the 
problem in 1 980.'  
Summary of recommendations 
(i) the objective of the policy on bovine 
tuberculosis and badgers should be to 
limit the transmission of disease from 
badgers to cattle by dealing with 
identifiable and a voidable risks, quickly 
and effectively at a reasonable cost 
(paragraph 1 06); 
(ii) when a diagnostic test in living 
badgers is a vailable, the procedures for 
badger control be changed to 
discriminate between infected and 
healthy badgers (paragraph 1 1 8); 
(iii) with the flow of additional data 
becoming a vailable from research and 
badger removal operations, the Ministry 
keeps the policy and strategy on bovine 
tuberculosis and badgers under 
continuous review (paragraph 1 43); 
Action taken by MAFF 
Accepted . 
A d iagnostic test i n  l iv ing badgers has 
been deve loped but, because of its 
relatively l i m ited abi l ity to identify 
i n fected ind ividua ls, it has not been 
poss ib le  to adopt it in p lace of the 
' i nter im strategy' .  A tr ia l  comparing the 
i nter im strategy with one i ncorporat ing 
the test began i n  November 1 994 in 
South-West England but was suspended 
in December 1 996  pend ing  the outcome 
of the Krebs Revi ew. 
Accepted . The i ntrod uction of the l ive 
test strategy was an example of th i s  
process of review. 
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Summary of recommendations 
(iv) for the time being, action should be 
taken against badgers only after a herd 
breakdown, for which no other source 
of infection can be found, in areas of the 
country where there has been a recent 
history of herd breakdowns which have 
been attributed to infected badgers 
(paragraphs 1 08 and 1 09); 
(v) in such circumstances as defined in 
recommendation (iv), the badgers using 
that part of the breakdown farm where it 
is believed that the disease was transmitted 
to cattle, or the whole farm if it is not 
possible to be more precise, should be 
captured, killed humanely and examined 
post mortem, without prior sampling or 
delineation of social groups, and with no 
question of extending the operation beyond 
the breakdown farm (paragraph 1 1  0); 
(vi) in the context of these more limited 
badger removal operations, the current 
practice of releasing lactating female 
badgers should be discontinued 
(paragraph 1 1 1  ); 
(vii) the Ministry undertakes the necessary 
consultations with a view to placing before 
Parliament a revision of the Badgers 
(Control Areas) Order 1 977, with 
statutory Control Areas in which (a) 
there has been a recent history of herd 
breakdowns attributed to infected 
badgers and (b) the Ministry would 
propose to undertake badger removal 
operations automatically in the advent of 
future otherwise unexplained herd 
breakdowns (paragraph 1 1 2); 
Action taken by MAFF 
Accepted . Badger remova l operat ions 
are undertaken only on  th is  bas is .  
Accepted and imp lemented . 
Not accepted . 
The 'control a reas' have been 
su perseded by Type I parishes 
( i .e. pari shes and comm u n it ies in which 
there has been a badger-related 
breakdown with i n  the prev ious s ix 
years). In these parishes, badger removal 
operat ions may be approved by sen ior 
veter inary staff. 
Summary of recommendations 
(viii) outside of the revised statutory 
Control Areas, the Ministry should 
consider taking action against badgers 
only after (a) two or more otherwise 
unexplained herd breakdowns have 
occurred in close proximity and (b) 
seeking the advice of the Consultative 
Panel on Badgers and Tuberculosis 
(paragraph 1 09); 
(ix) the Ministry keeps the interim 
badger control strategy under 
continuous review, and, in particular, 
reconsiders it if (a) no infection is found 
in the badgers removed in a significant  
number of cases, or  (b) there is evidence 
of a significant increase in herd 
breakdowns (paragraphs 1 1 0 and 1 1 3); 
(x) the Ministry continues to undertake 
by the use of live trapping such badger 
operations as are justified and provides 
adequate resources to ensure that oper­
ations are undertaken with the minimum 
of delay (paragraphs 1 14 and 1 1 5); 
(xi) the Ministry encourages farmers to 
seek to prevent (a) cattle having access 
to badger setts and (b), as far as possible, 
badgers and cattle eating from the same 
food source (paragraph 126); 
Action taken by MAFF 
In Type 11 pari shes (no badger-rel ated 
breakdowns i n  the past s ix  years) , the 
advice of a subgroup of the Consu l tative 
Panel i s  sought before a badger remova l 
operat ion is commenced . 
A l l  badgers k i l led under the ' i nter im 
strategy' are exami ned post-mortem and 
samples taken for laboratory cu lture. The 
resu lts show a high prevalence of infection 
with Mycobacterium bovis in such 
badgers. The increase in herd break­
downs was one of the reasons for the 
conven ing of Professor Krebs' Review. 
Accepted, a lthough there a re delays i n  
badger control operat ions.  
A leaflet on keeping badgers and catt le 
apart i s  given to farmers whose herds 
suffer TB breakdown.  Th i s  leaflet is 
be ing extensive ly  u pdated at present. 
Summary of recommendations 
(xii) with a view to discriminating between 
healthy and infected living badgers in any 
future badger operations and as an a id 
to other research, the Ministry should 
transfer resources from other areas of the 
programme to seek to speed progress in 
developing a diagnostic test in living 
badgers, and consider using different 
laboratories for the different stages of the 
work (paragraphs 7 7 9 and 7 20); 
(xiii) the field studies of badger popula­
tion biology and transmission of 
tuberculosis being undertaken at the 
Ministry's Gloucestershire study area 
should continue for at least another five 
years. The facilities there be made 
adequate for such work to be developed 
and conducted effectively. In the event 
of a herd breakdown in the study area, 
adequate compensation terms be 
a vailable to the farmer(s) concerned so 
that the continuance of the programme 
can be ensured (paragraph 7 32); 
(xiv) the Ministry seeks ways of 
obtaining information about the repro­
ductive biology of the badger and the 
relationship between the age of badgers 
and the incidence of the disease, from 
the badger carcases which become 
available to them (paragraph 7 37); 
(xv) the Ministry allocates additiona l 
resources to develop modelling studies 
of the epidemiology of tuberculosis 
within badger populations and its 
transmission to cattle (paragraph 7 39); 
Action taken by MAFF 
Accepted and imp lemented . 
Accepted and imp lemented . The terms 
of compensat ion for farmers with i n  the 
study area, and the numbers of farmers 
benefit i ng, have been improved . 
Research has com menced on  th is .  
Th ree separate groups a re cu rrently 
undertak ing popu lation mode l l ing work, 
some of which is  be ing fu nded by MAFF. 
Summary of recommendations 
(xvi) the Ministry undertakes further 
statistical studies designed to elicit and 
explain the observed time paths of 
tuberculosis incidence in cattle herds on 
a national and appropriate regional basis 
(paragraph 7 40); 
(xvii) the Ministry pursues alternative 
sources to the agriculture budget for the 
funding of elements of the research 
programme on bovine tuberculosis and 
badgers (paragraph 7 4 7 ); 
(xviii) the Ministry considers if aspects of 
the research programme on bovine 
tuberculosis and badgers could be 
effectively conducted by other 
institutions and laboratories at a lower 
cost than if they were conducted 'in 
house' (paragraph 7 42); 
(xix) the Ministry makes a vailable 
adequate resources to allow collection 
and analysis of the data arising from the 
interim badger control strategy 
(paragraph 7 7 4); 
(xx) the Ministry continues, through 
publicity, to encourage members of the 
public to notify them of the location of 
badger carcases (paragraph 7 35); 
(xxi) when a diagnostic test in living 
badgers is a vailable, sampling be 
undertaken throughout the country to 
seek more detailed evidence of the 
distribution and incidence of 
tuberculosis in badgers (paragraph 7 35); 
Action taken by MAFF 
Stat istics are co l l ated on a cont inuou s  
basis, a n d  a database h a s  been set u p  
con nected to the an imal  health 
computer system (VETNET). Stat istica l 
stud ies have been fu nded conti nuous ly 
i n  the Epidemio logy Department of the 
Veter inary Laboratories Agency (VLA). 
Th is  has not so far been pursued . 
Outs ide contractors are i nvolved i n  very 
l im ited aspects of the research programme. 
Accepted and implemented . Analysis 
of the data has been u ndertaken by 
the VLA. 
The national  su rvey of badgers k i l led i n  
road traffic acc idents (RTAs) cont inued 
unt i l  August 1 990 but was then 
suspended . RTA badgers conti nue  to be 
investigated in h igh r isk areas. 
Not impl emented . The low sensitiv ity of 
the l ive test precludes its use for detect ing 
a l l  i n fected badgers ind i v idual ly. 
Summary of recommendations 
(xxii) the Ministry encourages initiatives 
to improve the data on the distribution 
and density of badger populations, 
perhaps with some financial support 
(paragraph 7 36); 
(xxiii) the Ministry continues to take 
such opportunities as arise to examine 
wildlife, other than badgers, for 
tuberculosis, and particularly continue 
with their investigations into the 
possibility that there may be a reservoir 
of the disease in deer in parts of the 
country (paragraph 42); 
(xxiv) the Consultative Panel on Badgers 
and Tuberculosis be kept in being, but 
that its terms of reference be amended to 
reflect the objective of the policy set out 
in recommendation (i) (paragraph 145); 
(xxv) the Ministry and the Consultative 
Panel consider jointly whether any 
changes could be made usefully to (a) 
the Panel's composition, (b) the detail 
and confidential treatment of Panel 
papers, (c) the structure of Panel 
meetings and (d) the public reporting of 
the Panel's meetings (paragraph 7 46); 
(xxvi) the liaison officers appointed by 
the County Naturalists ' Trusts develop 
their role as a two-way channel of 
communication between the Ministry 
and conservation organisations on this 
subject. The Ministry make all the efforts 
that it can to keep those liaison officers 
informed of relevant events 
(paragraph 7 41); 
Action taken by MAFF 
MAFF has encou raged the improvement 
of such data, but has not made funds 
ava i lable for th is  pu rpose . 
Deer surveys have been u ndertaken i n  
the Mend ips a n d  in Hereford sh i re du r ing 
the past three years. Attempts have been 
made to su rvey m ink  in Wa les. 
Accepted and imp lemented . 
New groups previous ly u n represented 
(e.g. the Women's Farm ing U n ion) are 
now i nc l uded i n  the Badger Panel . 
However, the m inutes of Panel meeti ngs 
are not publ ished. 
L i aison tends to be with loca l badger 
groups rather than Cou nty Natural i sts 
Trusts. 
Summary of recommendations 
(xxvii) the Ministry adopts a more 
positive approach to informing the 
public on this subject, perhaps by the 
more frequent use of press releases and 
press conferences (paragraph 1 49)i 
(xxviii) the Ministry participates in public 
discussions of the problem, particularly 
in scientifically-based meetings and 
seminars (paragraph 1 50)i 
(xxix) the Ministry continues to publish 
editions of their series of reports on 
'Bovine Tuberculosis in Badgers' on an 
annual basis, at least for the duration of 
the interim strategy (paragraph 1 5 1  ). 
Source: MAFF 
Action taken by MAFF 
There is  fa i r ly  freq uent press i n terest on 
th is  su bject to which MAFF responds. 
A scientific sem ina r  at the Q E I I  Centre 
was organ i sed by MAF F  in 1 994.  
Meeti ngs with interested MPs were 
organ i sed at the House of Commons i n  
1 993 and  1 995 .  Other in terested bod ies 
have been briefed, i nc lud ing  the 
Nat ional  Farmers' U n ion and the 
B ri t ish Veteri nary Assoc iat ion.  
Accepted and implemented . 
A p p e n d ix 5 
I 
B ovine TB in other countries and information on 
badgers and other potential wild life vectors 
COUNTRY CATTLE BADGERS AND OTHER POTENTIAL WILDLIFE VECTORS 
EU ROPE 
Great Britai n  (5) 
Northern I reland 
Republ ic  of I reland 
Austria 
Belg ium 
B u lgaria 
Czech Republ ic  
Denmark 
F i n land 
Number TB incidence Species and Prevalence of Culling policy/ 
(millions) (% of herds affected) population size infection Remarks 
(year) ( 1 )  ( 1 )  & (3) (2) (2) (2)  
1 1 .9 ( 1 996) 471 new confi rmed Badgers: 1 3 .7% (road accident Protected species; 
outbreaks ( 1 996) 250-400,000 casualties - 1 996) up to national control measures 
(0.4 1 %  herds) - main ly adu lts 75% in problem areas implemented by Govern-
SW Engl and & South ment staff; cage trapping 
Wales on breakdown farms 
Deer: < 1 00,000 1 -2% (max imum 4%) i n  Farmer control 
carcases exam ined 
1 .65 ( 1 996) 1 ,232  outbreaks (2 .79% Badgers: 50,000 n/k Protected species; no 
herds) off icial  c u l l i ng 
(some breakdowns program me 
d isc losed at s laughter) 
7 .423 ( 1 996) 8,867 outbreaks Badgers: 200,000 1 4.3% (average between Protected species; no 
(estimated 3 . 74% herds) 1 980-1 9 9 1 ) national control pro-
gramme; farmer advice to 
prevent transmission 
2 . 2 7 2  (1 996) 5 outbreaks ( 1 996) - Badgers: 30,000 n/k Regarded as sma l l  game -
i ncidence 0.002% herds h u nting permitted. 
( 1 994) No evidence of 
involvement in cattle 
breakdowns 
3 . 1 59 (1 996) 43 outbreaks ( 1 996); Badgers: 3,000 n/k Protected species, suffered 
0.025% herds restricted d u ring rabies control . 
in 1 99 2  Poison ing a n d  snaring 
contin ues i l legally. No 
evidence of i nvolvement 
in cattle breakdowns 
0.632 (1 996) 3 outbreaks (1 996) Badgers: 35,000 n/k Hunt ing permitted; no 
(early 1 980s) evidence of TB 
1 .90 ( 1 996) Not reported in 1 996, 4 Badgers: 2 1 ,000 n/k Hunt ing by dogs for sport 
outbreaks in 1 99 2  a n d  meat; not protected; 
(human disease still no evidence of TB 
occurs in children) 
2 .09 ( 1 996) Last reported i n  1 988 Badgers: 25,000 n/k Hunt i ng permitted (closed 
(667 farmed ( 1 4  farmed deer herds season) - shooting 
deer herds) (67 deer) infected 
between 1 988- 1 992; 
last infection 7 994) 
1 . 1 5  (1 996) In 1 894 25% of tested Badgers: Bovine TB has never been H unting permitted 
cows were tubercu lous; 40-60,000 recorded in badgers or (closed season for sows 
67 infected herds by min imum any  other wi ld l ife with cubs) 
1 937;  last i nfection 1 98 2  
France 1 9 . 1 5  ( 1 996) 25% herds infected Badgers: 80,000 Survei l lance programme Hunting permitted as 
( 1 955); 0 .3% by 1 992; has not identified TB in smal l  game (closed 
0 . 1 4% by 1 996 badgers or  any other season). Poisoning, 
wi ld l ife snari ng, trapping i l lega l ;  
gassing used i n  1 9 70s for 
rabies control 
Germany 1 5 .68 (1 996) 99.7% certified offic ia l ly  Badgers: 72,000 + n/k Hunt ing permitted; rabies 
TB-free ( 1 961  ) .  None control reduced 
recorded in 1 996 but 5 popu lations; no evidence 
affected d istricts in 1 995 of TB recorded 
G reece 0.536 ( 1 996) 1 67 outbreaks (1 996); Badgers: n/k, but u n l i kely to pose a Lega l ly protected but 
enzootic, confined to (population n/k) problem persecuted; low numbers 
certain reg ions are estimated; probably 
endangered 
H ungary 0 .9 1 0  ( 1 996) One outbreak ( 1 996); Badgers: 20,000 n/k Protected s i nce 1 9 74; 
1 988-1 993 - 35 outbreaks rabies control may 
(widespread human affect numbers 
disease; believed to be 
responsible for infecting 
cattle) 
I taly 6.34 (1 996) 2, 1 86 outbreaks in 1 996; Wild boar: (pop- Tubercu lous lesions i n  N o  official  c u l l i ng pol icy 
1 . 1 6% in controlled herds u lation n/k) (3) 300 out of 2,500 carcases (3) 
( 1 995/96) (3) 
Badgers: n/k (no surve i l lance Protected species 
(population n/k) programme for bovine TB 
in wi ldl ife) 
Luxembourg 0.22 ( 1 996) Not reported ( 1 996); last Badgers: 2,000+ No evidence of d isease Protected species 
confirmed case in 1 964 found 
Netherlands 4.55 ( 1 996) One outbreak (1 996); infec- Badgers: 2,200 n/k Protected species; su rveys 
tion rate 1 7 .4% in 1 949 show 606 setts 
Norway 1 .00 ( 1 996) Last outbreak in 1 986 Badgers: 45,000 n/k Not protected, regarded 
m i n i mu m  as pests; abundant. Shot/ 
cage trapped for sport 
Portugal 1 .26 ( 1 994) 0.04% of 906,935 Badgers: (pop- No evidence disease Protected species si nce 
an imals  tested ( 1 996) u lation n/k : 'fa ir ly spread by badger 1 986; not threatened 
common') population 
Spa i n  5 .00 ( 1 994 > 0 . 2% (most of country Badgers: n/k Protected species 
FAO figures) > 2 . 00%) (popu lation n/k) 
Sweden 1 . 79 ( 1 996) Offic ia l ly  TB-free i n  Badgers: H unted around TB Normal hunt ing permitted 
1 958. 1 0  tuberculous >250,000 infected farmed deer herds 1 August to 1 5  February: 
bovine herds between - no infected badgers specific rules for 
1 968- 1 978 found so far. protective hunt ing 
(Since 7 99 7,  7 3  infected E l k :  (popu lation 2 cases diagnosed in 
farmed deer herds out n/k) 1 940s - the only cases 
of 570) of bovine TB detected i n  
wi ld l ife 
. .  
(0 o  of herds affected) 
Switzerland 1 . 75 (1 996) 2 outbreaks ( 1 996); 
infection rate 50+% 
( 1 95 1 ) ; >99.8% officia l ly 
TB-free ( 1 959) 
Sporadic cases due to 
i mported human d isease/ 
recrudescence i n  elderly 
OCEAN lA 
Austra l i a  25.7  ( 1 996) 6 outbreaks i n  cattle 
( 1 996); 2 buffa lo 
New Zealand (4) 9 . 2 7  ( 1 996) 866 outbreaks ( 1 996); 
1 9 79 - 79% of 40,000 
herds accredited; 
2. 7% cattle herds 
restricted in 1 991 ; 
2 .4% in 1 994 o n  
movement control; herd 
inc idence 0.39% (low 
risk), 8.3% (high risk) 
(3. 9% farmed deer herds 
restricted in 1 99 1 :  4% 
(1 994); herd incidence 
0.7% (low risk), 9.5% 
(high risk) 
T H E  AMERICAS 
Canada 1 4 .4 (1 996) One outbreak ( 1 996) 
( 12 1  ,000 (<5 breakdowns/annum 
herds) s ince 1 987) 
AFRICA 
South Africa 1 1  .35 ( 1 996) 5 outbreaks ( 1 996); 
positive herds 0 .01 4% 
(24 herds) i n  1 99 3  
Uganda 5.36 ( 1 996) Prevalence i s  1 .6% 
( i ncidence varies from 
0.01 % to 30% depending 
on region) 
BADGERS AND OTHER POTENTIAL WILDLIFE VECTORS 
Species and Prevalence of Culling policy/ 
population size infection Remarks 
(2) (2) (2 )  
Badgers: 7,500 No i nfected badgers H u nt ing permitted Ju ly  to 
m i n i m u m  fou nd i n  last 20 years January 
Feral buffalo: 2% of buffa lo tested as Area control by shooting -
(popu lation n/k) reactors (3)  200,000 destroyed i n  
( 3 )  Northern Territory ( 3 )  
Possums: about Average 5% ( 1 2% National control 
70 m i l l io n  infected on West coast programme by poison i ng 
of S. Is land) etc - considered main 
vector to domestic 
l ivestock 
Ferrets: 1 7 .9% (548 animals Associ ated with infected 
(popu lation n/k) sampled - Otago); 1 5 .5% cattle herds - may be a 
(84 animals sampled - reservoir host for 
MacKenzie Basin) .  domestic l i vestock 
Up to 66% infected on 
infected properties (4) 
Hedgehogs: 4/79 (5%) infected in one Scavenger on possum 
(population n/k) survey carcases, itself eaten by 
ferrets/pigs; u n l i kely to be 
self-mainta i n i ng 
Feral cats: 0.9% Otago (0. 1 2-3.6 at Spi l lover host on ly -
(population n/k) 95% confidence u n l i kely to transmit  to 
ind icator), 2% (50 animals cattle; scavenge on 
sampled - MacKenzie carcases 
Basin)(4) 
Stoats: 1 .6% ( in  some properties 
(popu lation n/k) up to 8.95% i nfected)(4) 
Feral pigs/deer: n/k Probably sp i l lover hosts 
(popu lation n/k) from possums; may 
transfer i nfection to 
possums in new areas 
B ison: 2,400 (3) <50% (3)  No official  c u l l i ng pol icy 
(3 )  
African buffa lo :  90% of  herds i n fected 2 cases 1 990, surveys 
(population n/k) south of Sabie River, 50% conducted; spi l lover into 
(3)  to north (source from cheetah, l ion, greater 
infected cattle herds) (3 )  kudu,  baboons (3)  
Buffalo, warthogs: 5 out of 1 3  buffa lo 
(popu lation n/k) M. bovis positive; 
(3) one case i n  warthog (3) 
COUNTRY CATTLE BADGERS AND OTHER POTENTIAL WI LDLIFE VECTORS 
ASIA 
Ta iwan 
References: 
( 1 ) 0. / . E .  1 996. 
Number TB incidence Species and Prevalence of Culling policy/ 
(mil lions) (% of herds affected) population size infection Remarks 
(year) ( 1 )  ( 1 )  & (3) (2) (2) (2) 
0 . 1 5  cattle 
(1 996); 0.01 3 
(buffalo) 
(only 2,600 
da i ry cows 
in 1 958) 
(50,000 
farmed deer 
reared 
annually) 
53 outbreaks (25 
confirmed infected -
1 996) ma in ly  la rge da i ry 
herds/draught cattle) 
(First confirmed TB in 
farmed deer 7 984; 7 987 
survey showed 3. 7 5% 
infection rate (60/7 900)) 
n/k 
(2) Griffiths and Thomas 1 993.  
(3)  Thoen and Steele 1 995.  
(4)  New Zealand Veterinary Journal 1 995.  
(5 )  MAFF published papers: CVO's report 1 996; Bovine tuberculosis in badgers, annual  reports by MAFF. 
Appe n d ix 6 
New unconfirmed herd breakdowns 
(a) 1 987 to 1 991 (inc lusive) 
.(I ·f 
(t 
.. 
N umber i n  1 Okm by 1 Okm squares 
• s to 2 1 (62) 
4 (23) 
• 3 (48) 
• 2 ( 1 03) 
• 1 (332) 
(b) 1 992 to 1 996 (inclusive) 
/) 
.. /' 
N u mber in 1 Okm by 1 Okm squares 
• 5 to 2 6  (1 37) 
4 to 5 (47) 
• 3 to 4 (55)  
• 2 to 2 ( 1 25)  
• 1 to 2 (352) 
Appe n d ix 7 
MAFF protocol - assessment criteria for 
determining the cause of a herd 
breakdown 
1 lntroductior 
1 . 1 The objective of the epidem iological invest igation is to fi nd the or ig in of 
tubercu losis infection and to determ i ne what fu rther action may be necessary to conta in  
it. I n  order to do th is, i t  i s  fi rst ly necessary to assess when and where the  reactors or  
other infected an ima l s  became infected, so  that the extent of  further action can  be 
eva luated . This may req u i re the trac ing  of an ima l s  moved onto the premises and the 
su bseq uent test ing of traced an ima l s  and an ima ls  in  contiguous herds. it i s  on ly when 
the poss ib i l ity of cattle-to-catt le in fection or the introd uction of infected purch ased 
an imals  have been e l i m i nated that the status of wi ld l ife is considered . 
1 .2 I nfection is invariably derived from another mammal,  most l i kely cattle or badgers 
but a l so poss ibly hu mans or deer, or rarely from other domesticated spec ies or w i ld l i fe. 
lt i s  important that veter inary officers carrying out an epidem iological  investigat ion 
approach this in a logical and method ical manner, and proceed to an i nvest igation of 
w i ld l ife sou rces on ly  when a l l  other avenues of invest igation have been d i scou nted . 
2 Assumption 
2.1  For the pu rposes of  th i s  paper, it has been assumed that the catt le breakdown is  
confi rmed by the presence of  either a v is ib ly les ioned an i mal  with or without  l aboratory 
cu lture of M. bovis or an an imal with no lesions but with a posit ive cu l ture resu lt. 
3 Cattle history 
3.1  The herd fi le must be exami ned to see i f  there has  been a h i story of  a prev ious 
breakdown on th is  farm and what was the l i ke ly origin of such an infection .  l t  is 
important to note whether there are or have been other breakdowns in  the loca l ity, as 
they may be connected with each other, e.g. nose-to-nose contact. I f  the cu rrent herd 
test i s  not a routine test, then the f i le  may ind icate a poss ib le or ig in of i nfection. The 
herd may on ly recently have been purchased or moved onto the premises so the test ing 
h i story may be u nknown to the present owner; however deta i l s  should be held i n  the 
previous owner's fi le.  Fu rthermore, the farm may have changed farm ing practice late ly, 
e.g. from a rable to beef, so no previous cattle h i story w i l l  be ava i l able.  
4 On the farm 
4.1 I n  order for the veter inary officer (VO) to carry out an epidem iological 
investigation, it i s  necessary to carry out a farm vis i t .  The VO w i l l  need to be conversa nt 
with the herd h i story through the herd f i le, have the deta i l s  of the post-mortem 
examination, any prev ious treatments, and access to the on-farm and movement records 
as we l l  as a farm map. A map of the a rea showing  previous cattle breakdowns i n  the 
v ic in ity is a l so most usefu l .  The epidem iological  examination shou ld comprise the 
elements set out below. 
Farm management 
4.2 The fo l lowing i nformat ion should be recorded : 
• the farm type, i .e. dai ry, beef suckler, bu l l  beef etc, and the farmer's system 
of management - th is  is important for determ i n i ng the l i kel i hood of spread 
with i n  the herd if there are m u lt ip le reactors; 
• basic farm pol icy, i .e. breed ing policy (e.g. h i red bu l l ,  artific ia l  insem ination), 
fate of calves, replacement pol icy (e.g. home-bred or purchased), cu l l  cows, 
fatten i ng stock ;  
• for beef herds, whether ca lves a re double or m u l t ip le suckled, and how 
they are grouped ; 
• i n  da i ry herds, whether cows are d ivided i nto groups, e.g. dry cows 
separated from m i l k ing cows, h i gh and low yie lders, he ifers and young 
an imals ;  how groups are managed during  the grazi ng, hous ing and whether 
the grou ps a re kept sepa rate ly;  
• whether there a re any off premises and the stock norma l l y  move between 
premises; 
• whether the catt le are hou sed i n  the wi nter, and if so wh ich groups and for 
how long - record the dates when an ima l s  were housed ; 
• type of housi ng, and whether the catt le have access to the outside dur ing 
their  period of hous ing - may be very s ign ificant if the bu i ld i ngs appear to 
be re latively wi ld l ife-proof; 
• d i str ibution of the group conta i n i ng the reactor d ur ing the previous two 
years, i .e. wh ich fields they grazed and when;  
• conservation po l icy for hay and s i l age. 
H istory of reactor 
4.3 The complete l i fe h i story of the a n i ma l  (or an imals) react ing to the tubercu l i n  
test must be obtai ned. Th is  i s  espec ia l l y  important d ur ing the period from two months 
before the penu lti mate herd test to about two months before the test at which the 
a n i ma l  reacted for the fi rst t ime. This i s  because the tubercu losis reactions and les ions 
genera l l y  take about 60 days to deve lop - although it i s  poss ible they may develop 
more qu ick ly than th is .  If the a n i mal was an i nconclu s ive reactor prior to becoming a 
fu l l  reactor, then it is probably safe to assume that it was i n fected before the herd test at 
which it was fi rst detected . 
4.4 The or ig in of the reactor(s) shou ld be obta ined to determ i ne whether home­
bred or purchased, and how long they have been in the herd . For a young an i mal  or 
group of young an ima ls  that have reacted, the date of b i rth should be known 
(congen ital infection is  not un known), i nc lud ing its management si nce b i rth, e.g. the 
date when it (they) fi rst went out to grass, when i t  was housed and for how long and 
whether the accommodation was badger-proof as sick badgers often enter farm 
bu i l d i ngs to acq u i re food . 
4.5 For the cow(s), the fo l lowing deta i l s  need to be determ ined :  
• the ca lv ing dates - these may be important because d ry cows may be kept 
in a separate group, or housed/grouped separately after ca lv ing;  
• whether h i gh and low yielders; 
• whether the catt le are t ied by the neck, as reactors may be related together 
by their  pos it ion in  the stand i ngs; 
• nose-to-nose contact - groups of catt le may be related to the locations 
where they were on the fa rm, and the pos it ion of contiguous herds. The 
farmer is  asked to ass ist with this by reference to maps of the farm. l t  is 
a l so necessary to determ ine the fields grazed by the reactor(s) dur ing the 
re levant period in  case of futu re badger i nvest igations, and may inc l ude 
hay/s i l age aftermaths and even farm lanes used to get to out ly ing fie lds .  
4.6 Apart from the h i story of  the reactor, the previous test ing h i story shou ld  be 
estab l i shed and any i l l ness, treatments and med ication u sed . 
Contamination 
4.7 The pos it ions of sewage outfa l ls ,  caravan parks, old dra ins and lay-bys are 
ascertai ned . These are rarely a problem un less there is farmhouse effl uent or a human 
sou rce of  infect ion to w h ich the cattle have access. The ava i l ab i l ity of a c lean water 
supply and the means of s l u rry/dung di sposa l should be investigated . ' Natu ra l '  ferti l i sers 
may be s ign ificant as may the presence of contractors us ing the land.  
Reactor cattle or group 
4 .8  I nformation on the d i sposit ion of the herd or group at various ti mes may wel l  
be requ i red i n  mu lt ip le outbreaks. The reactors may have been in  one group,  or were 
sp l i t  up at some ti me, wh ich  may revea l when they became infected . Calv ing dates for 
i nstance may ind icate when heifers left the group to ca lve down . Batch ing of catt le 
fo l lowing the movements of ind iv idua ls  with in  the herd may show the occas ions when 
they were a l l  together i n  the same p l ace at the same t ime.  
4.9 Mu lt ip le react ions at a s ing le test may ar ise either by i ndependent i nfection 
from a common source or from wi th i n-herd spread, i .e .  'open' cases. The post-mortem 
fi nd i ngs may assist in determ in ing th i s, a l though such cases a re usua l ly  due to at least 
one 'open' l u ng case, particu l ar ly where a s ingle reactor group is invo lved . If several 
unconnected groups are i nfected at the same t i me, th i s  may suggest a w i l d l ife source. If 
mu lt ip le reactors were a l l  purchased from d ifferent farms, infection probably occu rred on 
th is  premises. Anergic an ima l s  (those which are infected with TB but are not sensit ised 
to tuberc u l i n, i .e .  are 'fa l se negatives' on the sk in  test) are sometimes postu lated as the 
cause of mu l t ip le reactors, either at one test or d ur ing an extended outbreak .  At post­
mortem exami nation or du ring rout ine meat inspection, such an ima l s  w i l l  norma l l y  
d i splay extensive lesions in  t he  l u ngs. These f indi ngs are however uncommon. 
4.1 0 I nformation about the housing of animals i s  i m portant for two reasons :  
( i )  cattl e  are less l i ke ly  to become infected from wi ld l ife when housed, and 
( i i )  i f  there are l ung cases, the  d i sease is  more l i kely to spread between cattle 
when they are in  a confi ned environment. 
The dates when the an ima l s  were housed and tu rned out du ring the last year, and the 
year before, need to be considered in re l ation to seasons and the l i ke ly  pers istence of 
M. bovis on the grou nd . 
Other domestic animals on the farm 
4.1 1 Other domestic spec ies are a poss ib le  source of TB .  Sheep have been identified 
as M. bovis pos it ive in New Zea land and one case has been identified in sheep i n  
Devon .  T B  has occasiona l ly been found in  farm cats and dogs, caught from the infected 
catt le .  H u man infection may rarely be transm itted to cattle and other spec ies. I nfection 
in  goats and pigs, and espec ia l l y  deer, may wel l  requ i re add it ional measu res to be taken 
such as test ing and further restr ict ions. 
Public health risk 
4.1 2 H u man TB due to M. bovis i s  rare but  neverthe less enqu i ries should be made 
about the health of anyone in  contact with the infected cattle, part icu larly if they have any 
suspic ious chronic d i seases . M. bovis infection can be located a l most anywhere in the 
body, al though the lungs are most commonly affected where aerosol spread from infected 
catt le has occu rred, usua l ly  du ring periods of housing.  These occas ions a re very rare . 
4.1 3 Any risk to humans from the catt le w i l l  not be known unt i l  after the post-mortem 
exami nat ion. Where d i sease is confi rmed i n  the cattle, either at post-mortem or in the 
laboratory, the local Consu ltant in Com mun icable Di sease Control (CCDC) is notified . 
The Env i ronmental Health Department a re a l so informed so that they can take any 
necessary act ion to protect publ ic hea lth,  e.g.  the service of Heat Treatment Orders i n  
respect o f  m i l k. 
Purchased animals (movements on) 
4.1 4 Purchased cattle are not s ign ificant if the reactors are not purchased . Other 
cattle moving onto the prem ises wou ld  have been tested with the herd, and presumably 
passed . If they have moved off the farm again ,  they should be recorded i n  the 
movements off and w i l l  have to be traced and poss ib ly tested, and if considered to be 
dangerous as contacts, they may be s laughtered. If they have gone to an abatto i r  or 
knackery, then any v is i bly- lesioned catt le d i sc losed at meat i n spection w i l l  be reported 
and c l i n ica l ly  sampled .  
4.1 5 I f  pu rchased an ima l s  are present as reactors, the date they were brought onto 
the premises has to be confi rmed . If the an ima l s  were present on the farm for l ess than 
two months,  then they were probably (but not absol ute ly  certa in ly) infected e lsewhere. 
If they were purchased more than two months before the last test, then they may have 
become infected on th i s  prem ises. 
Movements off 
4.1 6 Although it i s  someti mes d i fficu lt to know how far back to trace movements off, 
th i s  usua l ly covers the whole period to two months before the l ast c lea r  herd test. I f  a l l  
the stock on  the farm are said to go d i rect for s laughter, th i s  i s  confi rmed with the 
s laughterhouse.  The extent of trac ing requ i red wi l l  not be known unt i l  after the post­
mortem exami nation is completed and the l i ke l i hood of d i sease spread assessed in the 
l ight of the fi nd i ngs. Some movements which may not have been entered in the 
movement book, for example h i red bul ls, contract reared a n i ma l s, an ima l s  belonging to 
re lat ions and those at su mmer grazi ng, must a l so be traced . I n  confi rmed cases where 
traced an ima ls  have been exported, Export Section at To lworth are i nformed . 
Contiguous premises 
4.1 7 The names of a l l  neighbours that adjoin the land must be identified on the 
map, part icu larl y  i f  there is  nose-to-nose contact with reactor cattle, common ly a long 
rivers and strea ms where the cattle dr ink .  The poss ib i l ity of stray ing by ei ther the reactor 
herd or by contiguous cattle must be e l i m i nated, as must the poss ib i l ity of contact with 
other herds at summer or  common grazi ng. A l l  possible contacts mu st be tested, even if 
herd tests have to be brought forward . The resu l ts of post-mortem exami nations w i l l  a l so 
be taken in to considerat ion when assessi ng the degree of spread with i n  and between 
herds, and the level of trac ing and test ing requ i red . 
5 Wildl ife history 
Wildl ife using farm 
5.1  If the previous ly deta i led i nvestigations have not identified a l i kely sou rce, a 
w i ld l ife or ig in shou ld be considered . Farmers do not al ways notice badgers on their  
farms as the badger is  noctu rna l ,  nor are s igns of badger activity such as latri nes and 
runs a lways seen .  Enqu i ries are made as to whether there have been any apparent 
changes in the badger popu lation recently, and if any sick look ing or dead badgers have 
been seen a round the farm, i n  the fie lds or the bu i l d ings, or any badgers have been seen 
dur ing the day. Bu ried carcases may be exh umed if the badger thought to have caused 
the problem d ied on the farm and was bu ried by the farmer. 
5.2 The act iv ity of other w i ld l ife such as deer, foxes a nd sma l l  mammals  must be 
noted, a l so the nu mbers present. Infection is apparent ly  rare, but any opportu n it ies to 
col lect spec imens of other w i l d l ife for TB exami nation shou ld be taken . Game keepers 
and Forestry Rangers may be able to col lect samples or carcases for the investigat ion. lt 
should be remembered that foxes and several other mammals have over the years been 
identified with M. bovis i nfection,  a lthough usu a l ly considered to be an end host and 
hence not a hazard .  
6 Conclusions 
6.1 After completi ng the i nvestigat ion, a probable or ig in shou ld present itse lf. Only 
a l i m ited nu mber of probable origi ns are a l lowed to be offic ia l ly  recorded . These are 
la id  out in work ing  instructions as fo l lows : 
Purchased - only a probable or ig in if the an imal  was recently purchased or has 
been purchased and housed, or arrived on the prem ises with i n  two months 
prior to the prev ious herd test, and where i nfect ion has been identified on 
the farm of or ig in .  
Contiguous infection - on ly  l i ke ly if an  open case has  been in an  adjacent field 
and nose-to-nose contact is poss i ble, or there has been stray ing. An NVL 
reactor on a contiguous premises is  u n l i ke ly  to be the or ig in of the i ndex 
case. I f  the i ndex case has open les ions, it may have been the or ig in of the 
NVL reactor. 
Human - th i s  is extremely rare a l though the re levant questions are asked . I f  
reactors grazed i n  sewage-treated f ie lds or had access to sewage outfa l ls, 
suspicion may be aroused . 
I rish an imals - few of these occur  i n  South-West Eng land.  Herds stocked with 
I r ish i mports are tested annua l ly  and al l  imports are tested 60 days post­
import so th is  or ig in is l i ke ly  to be obvious. An imals  which have been 
present for some years and  have tested c lear previous ly are u n l i ke ly  to be 
the source. 
Badgers - a l though a common origin i n  parts of South-West England and South 
Wales, these a re considered as the origin only after al l other possible sources 
of d i sease have been e l i m inated . If i nfected badgers have been identi fied 
i n  the neighbou rhood of a breakdown farm, i .e. wi th i n  2-3 km wi th i n  the 
l ast four years, they may ind icate a badger orig i n .  However, cases should 
never be attr ibuted to badgers u n less there is  su bstant ia l  evidence to 
suggest they are the cause, e.g. an infected badger i n  the v ic in ity of the 
breakdown with badger acti vity evident on the breakdown farm in the 
same time period, and u nti l a l l  other poss ib le or ig ins have been explored .  
Unknown - or obsc u re - th i s  or ig in  shou ld  be ascri bed when there is  
i nsufficient or no evidence i nd icat ing a defi n it ive source. 
6.2 Sk in  TB used to be considered to be an or ig in as it i n  fact ind icated non-
spec ific infection wh ich  mi ght have in terfered with the tuberc u l i n  test. Al l reactors to 
the test are exa mi ned for th i s  condit ion and recorded on the test chart. 
6.3 Once the pre l im inary investigat ion is  complete, i f  veter inary staff consider that 
badgers are the l i ke ly  cause of the breakdown,  they wi l l  d raw up maps deta i l ing the 
reactor land and record any evidence of badger activ i ty fou nd in the area, or any h i story 
of i n fected badgers. I n  type I pari shes (h istory of badger-related catt le breakdowns in the 
last s ix  years) , the evidence is  considered by the Grade 6 in charge of the Wi l d l ife U n it 
who wi l l  consider i mplementing a badger removal operat ion . I n  type 11 parishes, the 
G rade 6 may request the Wi ld l i fe U n it to v is it the premises to carry out a badger su rvey 
i n  order to obtain fu rther evidence of badger involvement. Th is  evidence is  
subsequently presented to the m i n i -Panel which is  respons ib le for authoris ing a badger 
removal operation .  
Source: MAFF. 
I nfection in MAF F-taken badgers 
(a) 1 975 to 1 990 (inclusive) 
{) 
Presence of i nfection in 3 km by 3 km squares 
• No i nfection found (370) 
• At least one infected badger fou nd (265) 
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(b) 1 99 1  to 1 997 (inclusive) 
j) 
Presence of i nfection in 3 km by 3km squares 
• No infection found (254) 
• At least one infected badger fou nd (376) 
I nfection in road traffic accident badgers 
(a) 1 972 to 1 990 (inclusive) 
.. .• 
Presence of infection i n  3 km by 3km squares 
• No infection found (4364) 
• At least one infected badger fou nd (24 1 )  
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(b) 1 991 to 1 997 (inclusive) 
/) 
Presence of i nfect ion in 3km by 3km squares 
• No i nfection found (844) 
• At least one infected badger found ( 1 6 1 )  
N umber of MAFF-taken badgers and 
prevalence of M. bovis infection 
1 975 to 1 996 in England and Wales 
1 975 
1 976 
1 977 
1 978 
1 979 
1 980 
1 98 1  
1 982 
1 983 
1 984 
1 985 
1 986 
1 987  
1 988 
-- -
1 989 
1 990 
1 99 1  
1 992 
1 993 
1 994 
1 995 
1 996 
Note: no badgers were taken in Scotland. 
1 00 
203 
1 83 
208 
357  
346 
200 
69 1 
995 
1 ,265 
1 , 1 20 
785 
733 
778 
72 7 
8 1 0 
990 
1 ,054 
1 ,093 
1 , 708 
1 , 69 1 
2 , 1 04 
Prevalence of 
M. bovis infection 
in MAFF-taken badgers 
0.240 
0 . 1 58 
0 . 1 5 3 
0 .082 
0 . 1 06 
0.095 
0.095 
0 . 1 1 0  
0 . 1 3 7  
0 . 1 43 
0. 1 33 
0. 1 6 1 
- - ----
0 . 1 2 7 
0 .272 
0 . 1 68 
0 . 1 94 
0 . 1 63 
0 .200 
0 .274 
0 .224 
0 .251  
0 .228 
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N umber of road traffic accident ( RTA) 
badgers and prevalence of M. bovis infection 
1 972 to 1 996 in England and Wales 
Prevalence of 
Year Total RTA badgers M. bovis infection 
1 972 
1 9 73 
1 9 74 
1 9 75 
1 976 
1 9 77 
1 978 
1 9 79 
1 980 
1 98 1  
1 982 
1 983  
1 984 
1 985 
1 986 
1 987  
1 988 
1 989 
1 990 
1 99 1  
1 992 
1 993 
1 994 
1 995 
1 996 
sent for post-mortem in RTA badgers 
30 0 . 1 00 
78 0 .205 
83 0.036 
1 39 0.079 
1 88 0. 1 76 
1 73 0.064 
1 66 0.048 
1 72 0.029 
201 0.040 
442 0.054 
697 0 .037 
826 0 .033 
1 ,489 0 .0 1 3 
1 ,498 0.024 
1 ,800 0.0 1 9 
1 ,707 0.0 1 2 
1 ,806 0 .0 1 9 
1 ,8 1 7 0.025 
1 ,0 1 6 0.026 
1 84 0.027 
1 63 0.086 
230 0. 1 3 5 
401 0. 1 07 
485 0. 1 01 
608 0. 1 3 7 
Note: before 1 991 , very few badgers were submitted in Scotland and most were u n i nfected. No badgers were submitted i n  
Scotland between 1 991 and 1 997. 
Mycobacterial strain typing 
(a) DNA molecule 
R 
R 1 5 61 1 0  R 
R 
The genome of M. bovis consists of a single circular DNA molecule conta in ing approximately four and a half mi l l ion base 
pairs. The majority of its genes are identical to those in M. tuberculosis, and are the same in a l l  M. bovis isolates. Some DNA 
segments are variable, however, and these can be used to distinguish different strains. 
A DNA fragment known as IS6 1 1  0 is present in multiple copies in the genome and is found at different locations in different 
strains .  When DNA is cut with restriction enzymes (R in (a) above), I S6 1 1  0 copies can be recovered on differing size 
fragments. This phenomenon, termed restriction fragment length polymorphism, or RFLP, provides the most commonly used 
tool for mycobacterial strai n  different iation. For human TB, it  has been found that, if two individuals are infected with 
mycobacterial stra ins sharing identical RFLP patterns, there i s  a strong l i kel ihood that they were i nfected from the same i ndex 
case. The number of 1561 1 0  copies in the genome of M. bovis tends to be lower than in M. tuberculosis. 
An alternative typing method is based on variations occurring in the DR region. This region of the genome comprises a series of 
identical direct repeat (DR) sequences interspersed with a variable set of spacer sequences. Different isolates of M. tuberculosis 
or M. bovis differ in the presence or absence of the variable spacers. This difference is exploited in a technique known as 
spol igotyping, i n  which the complement of spacers in  an individual isolate i s  visual ised by a hybridisation test (see (b)). By 
sequenc ing additional spacer regions from multiple isolates, i t  will be possible progressively to increase the discrimination 
provided by spoligotyping. 
Rapid progress is being made i n  analysis of the genome of M. tuberculosis. The complete sequence of two M. tuberculosis 
isolates wi l l  be determined by the end of 1 997. This work is leading to the identification of further variable DNA fragments 
that can be exploited in additional tests for strain differentiation. Some of these techniques may also be applicable in the case 
of M. bovis. 
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(b) Spoligotyping - an assortment of different strains from M. bovis isolates in 
G reat Britain.  
Also included are examples o f  paired isolates from cattle a n d  badgers in G loucester (spoligotype 1 7+) a n d  i n  Devon 
(spoligotype 9*) demonstrating identical spol igotypes. The simi larity between spol igotypes is shown as a percentage in the 
clendrogram on the right hand side of the figure. 
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Distribution of badger spoligotypes 
(a) other than 9 and 1 7  
.. .• 
• 1 0 (6) 
• 1 1 (36) 
• 1 2 ( 1 4) 
1 3  (2) 
• 1 5 (2) 
• 20 ( 1 5 )  
• 2 1  (5 )  
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5 3  ( 1 )  
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(b) spoligotypes 9 and 1 7  
• 9 ( 1 2 1 )  
• 1 7  ( 1 62) 
A low-cost technique for identifying social 
group territories 
1 Severa l strateg ies for badger removal that have been implemented or proposed 
depend upon assign ing setts to soc ia l  groups by the mapping of territory borders. 
Fa i l u re to identify soc ial  groups greatl y reduced the efficacy of the l ive test tr ia l  (see 
Appendix 1 5 ) .  Territory borders are usua l ly  del i neated by bait-mark ing (Kruuk 1 978),  
which typ ica l ly takes 2-3 weeks and i nvo lves su bstant ia l  staff costs. We descr ibe below 
an a l ternative, less cost ly, techn ique which can pred ict territory borders with a n  
acceptable level of accu racy. 
2 Doncaster and Wood roffe ( 1 993)  showed that badger territory borders cou ld  be 
pred icted s imply from the locat ions of ma in  setts, us ing the method of D i r ich let 
tessel lat ions. These descr ibe convex polygons, each conta i n i ng one ma in  sett and 
having the property that every point  with i n  a po lygon is  nearer to that main sett than i t  
i s  to any other. The tessel lat ions are a l l  segments of the perpendicu lar  bi sectors of l i nes 
jo in ing  each main sett to its neighbours. The size and shape of each hypothetical territory 
is  thus defi ned by the posit ion of its ma in  sett in re lation to those of its neighbours .  The 
locations of territory borders pred icted by the tesse l l at ion method g ive good agreement 
with the known borders determ ined by ba it-marking, for severa l badger study s i tes in 
Br ita in  (e.g. F igure 1 ;  Doncaster and Wood roffe 1 993) .  
3 The tesse l l at ion method generates erroneous territory borders where a s i ngle 
soc ia l  group occupies more than one main sett (Doncaster and Wood roffe 1 993) .  The 
problems that this causes may be m i n i m ised by assu m i ng that setts which are c lose 
together ( less than about 200m) belong to the same soc ia l  group.  Tesse l lat ions generated 
around such setts may then be aggregated to pred ict the extent of territories. 
4 Badgers caught at ma in ,  subsid iary and out l ier  setts fa l l i ng  with i n  the territory 
borders pred icted by the tessel lat ion method can be assumed to belong to the soc ia l  
group occupying that territory. Out I ier  setts are somet imes located on terri tory borders. 
Where badger control a ims to remove a l l  mem bers of a part icu lar  soc ia l  grou p, it may 
be necessary to trap at these border outl iers, even though this i nvo lves a r isk of 
captu r ing members of neighbour ing groups. In practice th is  r isk wi l l  be sma l l ,  s i nce the 
proport ion of badgers captu red at outl ier setts i s  smal l .  
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Comparison of known territory borders defined by bait-marking (cu rved l i nes) and territory borders predicted by the tessel lation 
method (straight l i nes) for part of Woodchester Park. Large blue dots e indicate sett locations, and red dots e show the 
positions of latrines. Modified from Doncaster and Woodroffe ( 1 993). 
Analysis of the I ive test trial 
1 We identify three aspects of the present implementation of the l ive test (as 
descri bed in Append ix  3) that may h i nder its success. 
(i) The sensitiv ity of the l ive test i s  low, hence many infected badgers may 
be m i ssed . 
( i i )  On ly  a sma l l  number of  badgers were trapped to  assess the  i n fection status 
of an ima l s  us ing each sett, hence many setts used by infected a n i ma ls  may 
have been incorrectl y  identified . 
( i i i )  The removal of badgers on the basis of the setts where they were trapped, 
rather than the soc ia l  grou ps to wh ich  they belonged, r isked part ia l  
removal of  soc ia l  groups. Th is  means that some in fected an ima ls  may have 
been missed , and may a l so have increased transm iss ion of TB between 
groups by soc ia l  pertu rbati on .  
2 We ana lyse each of these factors and review the data on the effect iveness of the 
l ive test tr ia l  in red uc ing TB in badgers and catt le .  We show that the l ive test tr ia l  is 
u n l i ke ly to have been effective as  imp lemented .  We show that modify ing the protocol 
by increas ing the nu mber of badgers tested, and by removing badgers on the basis of 
soc ia l  group membersh ip  rather than sett u se, is u n l i ke ly  to increase the potentia l  cost­
effectiveness of the l ive test u n less the sensit ivity of the test cou ld  be improved . 
The sensitivity of the l ive test is low 
3 The l ive test can detect on ly  4 1 % of tru ly  infected badgers on average (see 
Table 1 ) , a lthough some i n fected badgers a re more easi ly detected than others. I n  
add it ion, t he  l ive test may not d i scr i m inate between infected and  immune a n i ma l s  
(a lthough immun i ty to TB ,  either i nnate or  acq u i red, w h i le strongly suspected, has  yet to 
be demonstrated i n  badgers) . 
% Sensitivity % Specificity 
Vis ib le lesions 62 .3  93 .3  
No vis ib le lesions 36 .5  94.3 
Cubs 48 .8  94.4 
Ad u l ts 40.0 94.3 
Males 47 .6  93 .5  
Females 3 2 . 1  95 . 1  
A l l  badgers 40.7 94.3 
Table 1 - The sensitivity ( %  o f  truly infected animals correctly identified) and specificity (% o f  truly 
uninfected animals correctly identified) of the live test for different categories of badgers. 
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Can the sensitivity of the test be improved? 
4 The low sensit iv ity is the most s ign if icant hu rd le  to the effectiveness of the l ive 
test tria l .  In Chapter 6 we review the potent ia l  for an improved l ive test. More sensit ive 
tests cou ld be developed, but it is u n l i ke ly  that they wou ld a l low rapid d i agnosis .  For a 
strategy based upon the identification and removal of infected badgers, d iagnoses 
should idea l l y  be avai lable wi th i n  a few hours of captu re. 
The number of badgers trapped to assess infection 
status was low 
5 Low trapping effic iency coupled with poor test performance make it l i ke ly  that 
many infected subgroups of badgers trapped at part icu lar  setts were incorrectly  
d iagnosed as  un i nfected . As  on ly  one trappi ng week ( i .e .  fou r  trapping n i ghts) was  used 
to determ ine the infect ion status of badgers us ing each sett, often on ly  one or two 
badgers were caught at each sett (see F igure 1 )  and th i s  pattern holds for a l l  cou nties i n  
the l ive test tr ia l .  Th i s  makes i t  u n l i kely that an  infected badger wou ld have been caught 
at any given sett, even if there was a h igh prevalence of infection among the badgers 
us ing that sett. If an infected badger was caught, there remai ned a h igh probabi I ity that 
it wou ld  not be detected by the l ive test (Table 2 ) .  Consequently, it was u n l i ke ly  that 
i n fection wou l d be detected at each sett, even i n  the extreme case where there were 
many infected badgers with lesions shedd ing M. bovis. 
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Figure 1 - The number of setts tested by county and by the number of badgers tested per sett. 
Number of badgers caught 30% prevalence 50% prevalence 
1 0 . 1 2 3  0 .205 
2 0 .235 0 .373 
3 0 .336 0 .509 
4 0.42 7 0 .6 1 8 
5 0 .509 0 . 706 
6 0 . 58 1  0 .775 
7 0.646 0 .829 
8 0 . 702 0 .871  
9 0.752 0 .904 
1 0  0 .795 0 .929 
Table 2 - The probability o f  obtaining a t  least one positive ELISA test from sampling a subgroup o f  ten badgers 
given an infection prevalence of 30% or 50%. 
6 Given the poor performance of the l ive test, even at the sett level ,  a surpr is ing ly 
h igh proportion of setts (39 out of 1 96 or 1 9.9%) were identified as infected (Figure 2) .  S ince 
so few badgers were trapped at each sett, this figure is l i kely to be conservative and suggests 
that preva lence among the badgers us ing each sett may have been extremely h igh. 
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Figure 2 - The percentage of setts identified as infected (with at least one positive test) by county and by the 
number of badgers tested per sett. 
7 The prevalence of i nfect ion i n  ' l ive test treatments' was not sign if icant ly 
d i fferent from that in  'no l ive test' ( i .e .  i nter im) operat ions (Table 5 .2 ) .  This shows that 
the mere presence of badgers on the reactor land or breakdown farm was as good an 
i nd icator of  i nfection as the ident ificat ion of setts occupied by infected badgers by use 
of the l i ve test. The on ly  advantage of the l ive test tr ia l  over the i nter im strategy may 
have been the la rger area of badger remova l .  
Could increasing the number of badgers caught improve the performance o f  the l ive 
test protocol? 
8 I n  order to test more badgers, more than one ' l ive test week' wou ld be needed. 
I ncreas i ng the test i ng period to two l i ve test weeks wou ld  resu l t  in on ly  moderate 
i ncreases i n  the probab i l ity of correct ly  identify ing setts used by i nfected badgers . 
Increas ing  the number of badgers caught from two to fou r  badgers wou ld  resu l t i n  an 
i ncrease i n  sensit iv i ty from 24% to 43% (assu m i ng 33% preva lence) or from 3 7% to 
62% (assum ing 50% preva lence) . 
9 I ncreas i ng the number  of l i ve test weeks wou ld i nvo lve a considerable i ncrease 
in staff resources and an i nc reased delay in l aunch ing the remova l .  The l ive test tr ia l  
i nvolved considerab ly  more staff resources than the in ter im strategy ( 1 1 8  person days 
compared with 77 person days, see Appendix 1 6) ,  of wh ich a cons iderable amou nt was 
i nvolved in the l ive test week. 
10 G i ven the modest im provement of sensit iv ity and the greatly i nc reased costs 
associ ated with trapp ing more badgers, we conc lude that i ncreas ing the n u mber of 
badgers caught wou ld not constitute a cost-effective i mprovement to the l ive test protocol . 
The unit of sampl ing and removal was the sett, 
not the social group 
1 1  Most badger soc ia l  groups occupy severa l setts o f  var ious s izes, but the l ive test 
tr ia l  made no d i sti nct ion between the d ifferent types of sett. S i nce the u n i t of i nfection 
appears to be the soc ia l  group, rather than the sett (Chapter 3), this approach meant that: 
( i )  the i nfect ion status of  badgers was assessed from smal ler samples than 
cou l d  have been obta ined i f  whole soc ia l  grou ps had been considered ; 
and 
( i i )  on ly  a proport ion o f  badgers m ight have been removed from i nfected 
soc ia l  groups .  
Thus some i n fected an ima l s  may have been m i ssed . Furthermore, part ia l  removal of 
soc ia l  groups might lead to soc ia l  pertu rbat ion and spread of infection to other groups 
(see paragraphs 3 .6 . 6  to 3 .6 .8) .  To address these po ints, we used the or ig ina l  su rvey 
maps to ass ign setts to soc ia l  grou ps, and investigated whether a strategy that used the 
l ive test to ident ify i nfected soc ia l  groups m ight fi rst ly i ncrease the probab i l ity of 
detect i ng  i nfect ion and secondly i mprove the efficiency of remova l .  
1 2  Si nce extensive surveys were carried out for the l ive test tr ia l ,  it was rel atively 
easy to assign setts to soc ia l  groups using D i r ich let tesse l lat ions (Append ix 1 4 ; 
Doncaster and Wood roffe 1 993) .  There was a good correspondence between the 
boundaries of territories as pred icted by the tessel lat ion method and those suggested by 
the pos it ions of latri nes. Ass ignation of setts to soc ia l  grou ps wou l d  have been easier 
sti l l  i f  ma in  setts had been identified d u ring the surveys. 
Does grouping setts into social groups improve the probabi l ity of detecting infection? 
1 3  Cluster i ng the setts i nto soc ia l  grou ps increased the number of badgers sampled 
from 1 . 9 (±0. 1 4  standard deviation) per sett to 3 .4 (±2 .89 standard deviation) per soc ia l  
group. By increas ing the n u mber  of  an ima ls  sampled ,  group ing setts i nto soc ia l  grou ps 
improved the probab i l ity of detecting infect ion .  Th i s  effect m ight be reduced if the 
preva lence of i n fection were lower i n  the group than among the an im als  us ing a 
particu lar  sett. However, given that infection tends to be aggregated with i n  soc ia l  
groups, th i s  effect is  u n l i ke ly  to be important.  As noted above, dou bl ing the number of 
badgers sampled from two to four  resu lts in an i ncrease in sensit iv ity from 24-37% to 43-
62% (for 30-50% preva lence). 
Does grouping setts into social groups improve the efficiency of removal? 
1 4  As suspected, us ing the l ive test at the level of the sett led to part ia l  remova l of 
soc ia l  groups, wh ich  m i ght generate soc ia l  perturbation . Of 43 grou ps which conta i ned 
one or more seropos itive badgers (and should therefore have been removed 
completely), 25 (58%) were on ly  part i a l l y  removed ( F igure 3 ) .  
Completely 
removed 
40% (1 7) 
All released 
2% (1 ) 
Part ia l ly  
removed 
58% (25) 
Figure 3 - The efficiency of removal of 43 social groups where at least one badger per group tested positive 
and hence all the groups should have been completely removed. 
Could the combined use of more l ive test weeks and removal of social groups improve 
the sensitivity of the l ive test? 
1 5  If setts were aggregated in to soc ia l  groups, and these socia l  groups were 
trapped out, the probabi l ity of correctly identify ing i n fected groups wou l d  sti l l  be low. 
Assu m ing that a l l  badgers i n  a soc ia l  group of s ix were sampled ,  the sensit ivi ty wou ld 
be between 58% and 78% (assu m i ng two to three of these badgers were i n fected) .  
Conclusions 
1 6  l t  i s  u n l i kely that the l ive test tr ia l ,  as  imp lemented, wou ld be effective i n  
reduc ing the preva lence of T B  i n  badgers, and hence i n  reduc ing the r isk of 
brea kdowns to catt le.  To improve the l ive test tria l ,  wh i l e  us ing the same d iagnost ic test, 
setts cou ld be aggregated i nto soc ia l  groups .  Th is  wou ld  avo id part ia l  remova l of soc ia l  
groups and wou ld resu l t  i n  a modest increase i n  sensit ivity. l t  wou ld ,  however, i nvo lve 
more su rvey ing and wou ld  resu l t  in the removal of many more u n in fected badgers. 
I ncreasi ng the nu mber of l ive test weeks to trap more badgers wou l d  resu l t  in a s im i lar ly  
modest i ncrease i n  sensit iv ity, but  at a cost of great ly increased staff resources. Even i f  
setts were both aggregated i nto soc ia l  grou ps and  trapped for longer periods, the 
probabi l ity of detect ing in fection wou ld sti l l  be u nacceptably low. G iven the l i m itat ions 
of the exist i ng l ive test, modif icat ions to the current l ive test protocol are u n l i kely to 
increase cost-effectiveness. 
Staff resource requirements for the interim 
and live test badger removal operations 
Activity I nterim strategy Live test trial 
1 .  Vi s i t ing the farmer 
2. Su rveying 
(person days) (person days) 
6 
4 30 
3 .  Setti ng traps/preba iti ng 1 0  20 
4 .  L ive test week n/a 38 
[2 preparing, 
1 6  co l lecting  and retu rn ing badgers, 
8 bleed ing badgers, 
4 anaesthet is ing and record ing, 
4 EL ISA testi ng, 
4 veter inary officer supervis ion]  
5 .  Trapp ing out 60 20 
6. C lear ing up/ 
clea n i ng equ i pment 2 4 
Total person days 77 1 1 8  
Appe n d ix 1 6  
G l os s a ry 
ADJUVANT 
su bstance which w i l l  boost the immune response when 
mixed with an antigen. 
ANTIBODY 
protei n  ( immunoglobul in) formed by the immune system 
which reacts spec ifically with the foreign substance that 
induced its synthesis. 
ANTIGEN 
a foreign substance, often a protein,  which is  capable of 
stimulating an immune response (antibody or cel l ­
mediated). 
ATTEN UATION 
the process by which a pathogenic organism is rendered 
non-pathogenic (usually by prolonged culture in vitro or 
by genetic manipulation). 
BACILLE CALMETTE GUERIN (BCG) 
an attenuated strain of M. bovis used for human 
vaccination: the only vaccine that has produced a 
significant immunity against M. tuberwlosis and at the 
same time has proved safe enough for human subjects. 
BACTERIOPHAGES 
bacteriophages are naturally occurring viruses that 
specifica l ly  infect bacteria. 
BACTERIUM 
a type of single-celled micro-organism with a solitary 
chromosome lacking nuclear membrane. 
BAIT-MARKING 
a means of establ ishing badger social group territories: 
coloured plastic chips are placed in  palatable food at sett 
entrances using a d ifferent colour at each main sen; particular 
colours of chips found in faeces at d ifferent latrines, 
usually situated at territory boundaries, are then recorded. 
BASIC REPRODUCTIVE RATE 
the average number of secondary cases generated by a 
s i ngle primary case in a susceptible population. 
BIOMARKER 
a distinctive biological feature or characteristic a id ing 
recognition. 
BIOMASS 
the sum total of l iv ing organisms in an ecosystem. 
BREAKDOWN 
MAFF define a breakdown as occurring when one or 
more reactors are revealed by the tubercu l in skin test or 
when disease is suspected in either l ive cattle showing 
c l inical disease or i n  carcases with lesions at post-mortem 
examination. 
BROCK TEST 
an ( indirect) ELISA test to detect the presence of 
antibodies to M. bovis in blood samples col lected from 
l ive (trapped) badgers. Also known as the l ive test. 
CARRIER 
an indiv idual  who is infected but  has no cl i nical 
symptoms (or signs) of disease. 
CONFIRMED BREAKDOWN 
a herd breakdown where the disease has been confirmed 
i n  one or more animals, usually reactors, by detection of 
lesions at post-mortem and/or through culture of M. bovis. 
CYTOKI NES 
i ntercel lu lar  regul atory proteins produced by ce l l s  of the 
immune system that are induced by specific stimul i  and 
that enhance or inhibit other cel ls  of the immune system. 
DAFF 
Department of Agriculture, Food and Forestry, Republic 
of Ireland. 
DANI 
Department of Agriculture for Northern Ireland. 
DENDROGRAM 
a branching diagram after the style of a family tree 
reflecting the degree to which individual organisms or 
molecules are related to one another. 
DNA TYPING 
the use of DNA fingerprinting methods to distinguish 
between organisms of the same species. 
ELISA TEST 
a test used to detect antibodies or antigens, by measuring 
their binding to antigens or antibodies absorbed on plastic 
wells, by visual is ing colour changes caused by enzymes 
reacting in the test solution. 
EPIDEMIOLOGY 
the study of the distribution and dynam ics of disease in 
populations. Its purpose is to identify factors which 
determine the occurrence of disease, and to provide a 
basis for intervention programmes. Epidemiological 
methods are also used to assess the variance, severity and 
magnitude of disease and related risks. 
FAO 
Food and Agriculture Organisation of the U nited at ions. 
GENOME 
the sum total of genes in the chromosome(s) of an 
organism. 
G LYCOSYLATED L I POPROTE IN 
a protein which conta ins carbohydrate and lipid components. 
GRAN ULOMA 
a focal accumulation of inflammatory ce l ls  and fibrous 
tissue produced in any of various d isease states, usual ly in 
response to infection or the presence of a foreign su bstance. 
GRANU LOMATOUS 
perta in i ng to or of the nature of a granuloma. 
HAEMATOG ENOUS SPREAD 
spread by the blood. 
INCIDENCE 
the rate at which new cases of infection arise in a population. 
LESION 
a pathological cha nge in organs or tissues produced by TB 
or other causes of d isease. 
LEU KOCYTE 
white blood cell ( incl udes lymphocytes and macrophages). 
M. MICROTI 
a mycobacterium that causes natural TB in voles. lt is 
s imi lar immunologically to M.bovis and was used in early 
TB vacc ine trials. 
M. VACCAE 
a non-pathogenic environmental mycobacterium which 
was origi nal ly isolated from cow's milk or pasture. 
MACROPHAGE 
a cel l  found in  many tissues in the body which is  derived 
from the blood monocyte and which has an important 
role i n  host defence mechanisms. lt  engulfs and k i l l s  many 
bacteria but can also be the site of replication for M. bovis. 
MAFF 
Min istry of Agriculture, Fisheries and Food (UK) .  
MYCOBACTERI U M  
a family o f  related bacteria characterised b y  a l ipid-rich 
waxy coat that results i n  acid fast sta in ing, which i nclude 
species that cause TB. 
NVL 
no visible lesions on post-mortem examination. 
OIE 
Office International des Epizooties, Paris. 
PATHOGENESIS 
the process of disease development. 
PCR 
polymerase chain reaction (a modern DNA ampl ification 
technique) . 
POWER (statistical) 
the probabi l ity of detecting an effect of a given size with a 
stated level of signif icance. 
PREVALENCE 
the proportion of the population infected at a particular time. 
REA 
restriction endonuclease analysis (a molecular typing 
technique). 
REACTOR 
animal which gives a positive result ( i .e.  'reacts') to the 
tubercul in skin test. 
REAGENT 
a substance or solution used to produce a characteristic 
reaction in a chemical process. 
RECOMBINANT MOLECULE 
a molecule which is produced in a fore ign organism by 
means of genetic engineering. 
RFLP 
rest riction fragment length polymorphism (a molecular 
typing technique). 
SENSITIVITY (of diagnostic test) 
proportion of infected animals correctly identified. 
SEROLOGICAL 
perta i n i ng to the effects seen i n  the blood or serum 
(e.g. serological test is usua l ly a test performed on a blood 
sample taken from the animal) .  
SETT 
bu rrow system which badgers use for shelter and breeding. 
SHORT-TERM CULTURE FILTRATE 
the f i l trate obtained from a bacterial culture which is i n  
t h e  early stages o f  growth. 
SOCIAL GROUP 
group of badgers (averaging six to eight in  a group, 
although a maximum of 25 has been recorded) occupying 
one or more setts with i n  a well-defined terri tory from 
which badgers of other social groups would be excluded. 
SPECIFICITY (of diagnostic test) 
proportion of u n i nfected animals  correctly identified. 
SPOLIGOTYPE 
a particular stra in  identified through a molecular typing 
technique cal led spoligotyping. 
SPOLIGOTYPING 
spacer-oligonucleotide typing (a molecular typing technique). 
STRAIN 
isolate of a bacterial species which is  d ifferentiated from 
other isolates of the same species by particular characteristics. 
SUBUNIT VACC I N E  
a vaccine comprising part o f  an i nfective organism that i s  
capable o f  conferring protective immun ity. 
T L YMPHOCYTES (also known as T cells) 
cel l s  which mediate ce l l ular immune responses. 
TRANSPOSON 
a bacterial DNA sequence able to insert itself (often at 
random) at a new location i n  the bacterial genome. 
TRANSPOSON MUTAG ENESIS 
the prod uction of mutations using a transposon .  
TUBERCLE BACILLUS 
the bacterium which produces infection leading to TB 
(usua l ly refers to M. tuberculosis, M. bovis or M. microfl) . 
TUBERCU L I N  
a sterile, protein extract derived from the tubercle 
bacterium and used to di agnose T B  in cattle by skin 
test ing (also known as Purified Protein Derivative or PPD). 
TYPE I PARISH 
MAFF designation of a parish where there have been one 
or more confirmed herd breakdowns i n  the past six years 
attributed to infection by badgers. Badger removal operations 
may be undertaken at the discretion of State Veterinary 
Service staff, usually the Assistant Director for the region . 
TYPE 1 1  PARISH 
MAFF designation of a parish where there have been no 
confi rmed herd breakdowns i n  the past six years 
attributed to infection by badgers. Badger removal 
operations may be undertaken only with the approval of 
the mi ni-Panel (a sub-committee of the MAFF Consultative 
Panel on Badgers and Bovine TB). 
UNCONFIRMED BREAKDOWN 
a herd breakdown which occurs when all reactors have 
no visible lesions and are culture negative for M. bovis. 
VACC I N E  VECTOR 
an attenuated organism into which genes from other 
pathogenic orga nisms can be in troduced for the pu rpose 
of vaccination. 
VL 
vis ible lesions. 
WHO 
World Health Organisation. 
ZOONOSIS 
disease communicable between animals and man. 
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